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CERTIFICATION 


Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the 
factory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na- 
tional Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calibration facilities 
of other International Standards Organization members. 


WARRANTY 


This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year 
from date of shipment [,except that in the case of certain components listed in Section I of this manual, the warranty 
shall be for the specified period] . During the warranty period, Hewlett-Packard Company will, at its option, either 
repair or replace products which prove to be defective. 


For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buyer shall 
prepay shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer 
shall pay all shipping charges, duties, and taxes for products returned to -hp- from another country. 


Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute its 
programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the 
operation of the instrument, or software, or firmware will be uninterrupted or error free. 


LIMITATION OF WARRANTY 
The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, 


Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the Sovironmcnias 
specifications for the product, or improper site preparation or maintenance. 


NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY 
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE. 
EXCLUSIVE REMEDIES 

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HEWLETT- 
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE- 
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY. 
ASSISTANCE 


Product maintenance agreements and other customer assistance agreements are available 
Sor Hewlett-Packard products. 


For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. 
Addresses are provided at the back of this manual. 
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SAFETY SUMMARY 


The following general safety precautions must be observed during all phases of operation, service, and repair of this 
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates 
safety standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no 
liability for the customer's failure to comply with these requirements. 


GROUND THE INSTRUMENT. 


To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec- 
trical ground. The instrument is equipped with a three-conductor ac power cable. The power 
cable must either be plugged into an approved three-contact electrical outlet or used with a 
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an 
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the 
power cable meet International Electrotechnical Commission (IEC) safety standards. 


DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE. 
Do not operate the instrument in the presence of flammable gases or fumes. Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard. 


KEEP AWAY FROM LIVE CIRCUITS. 


Operating personnel must not remove instrument covers. Component replacement and internal 
adjustments must be made by qualified maintenance personnel. Do not replace components 
with power cable connected. Under certain conditions, dangerous voltages may exist even with 
the power cable removed. To avoid injuries, always disconnect power and discharge circuits 
before touching them. 


DO NOT SERVICE OR ADJUST ALONE. 


Do not attempt internal service or adjustment unless another person, capable of rendering first 
aid and resuscitation, is present. 


DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT. 


Because of the danger of introducing additional hazards, do not install substitute parts or per- 
form any unauthorized modification to the instrument. Return the instrument to a Hewlett- 
Packard Sales and Service Office for service and repair to ensure that safety features are main- 
tained. 


DANGEROUS PROCEDURE WARNINGS. 


Warnings, such as the example below, precede potentially dangerous procedures throughout 
this manual. Instructions contained in the warnings must be followed. 


Dangerous voltages, capable of causing death, are present in this instrument. Use ex- 
treme caution when handling, testing, and adjusting. 
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General Definitions of Safety Symbols Used On Equipment 


Instruction manual symbol: the product will be marked with this 
/\ symbol when it is necessary for the user to refer to the instruction 
manual in order to protect against damage to the instrument. 


Indicates dangerous voltage (terminals fed from the interior by 
voltage exceeding 1000 volts must be so marked). 


os Protective conductor terminal. For protection against electrical 
= OR shock in case of a fault. Used with field wiring terminals to indi- 


cate the terminal which must be connected to ground before 
operating equipment. 


Low-noise or noiseless, clean ground (earth) terminal. Used fora 
(4) signal common, as well as providing protection against electrical 

ss shock in case of a fault. A terminal marked with this symbol must 
be connected to ground in the manner described in the installation 
(operating) manual, and before operating the equipment. 


Frame or chassis terminal. A connection to the frame (chassis) of 


the equipment which normally includes all exposed metal struc- 
tures. 


Alternating current (power line). 
Direct current (power line). 
Alternating or direct current (power line). 


The WARNING sign denotes a hazard. It calls attention to a pro- 


cedure, practice, or the like, which, if not correctly performed or 
adhered to, could result in personal injury. 


The CAUTION sign denotes a hazard. It calls attention to an op- 
erating procedure, practice, or the like, which if not correctly 


performed or adhered to, could result in damage to or destruction 
of part or all of the product. 
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SECTION | 
GENERAL INFORMATION 


1-1. INTRODUCTION. 


1-2. This section contains general information con- 
cerning the -hp- Model 3438A Multimeter. Included is an 
instrument description, specifications, information 
about instrument and manual identification, option and 
accessory information, and safety considerations. 


1-3. DESCRIPTION. 


1-4. The -hp- Model 3438A is an HP—IB compatible, 
34 digit, five function, autoranging multimeter. The 
functions are AC and DC Voltage, AC and DC Current 
and Ohms. All five functions have manually selectable 
ranges. AC and DC Voltage and Ohms functions may 
also be automatically ranged by depressing the AUTO 
pushbutton. 


1-5. The 3438A enables the user to set up alow cost data 
gathering system utilizing the HP—IB. Voltage (ac or 
dc), Current (ac or dc) and resistance information can be 
transferred on the HP—IB to Printers, Calculators, and 
Computers for data storage or hard copy printouts. 


1-6. Throughout the remainder of this manual, the -hp- 
Model 3438A Multimeter will be referred to as 
Multimeter. 


1-7. SPECIFICATIONS. 


1-8. Specifications for the Multimeter are listed in 
Table 1-1. These specifications are the performance 
standards or limits to which the Multimeter can be tested. 
Any changes in these specifications due to manufacturing 
changes, design or traceability to the National Bureau of 
Standards will be covered by an errata or change sheet. 
These specifications supersede any prior published 
specifications. Supplemental information in Table 1-2 is 
provided to describe general operating characteristics. 


1-9. INSTRUMENT AND MANUAL IDENT- 
IFICATION. 


1-10. Hewlett-Packard uses a two-section serial 
number. The first section (prefix) identifies a series of 


instruments. The last section (suffix) identifies a 
particular instrument within the series. A letter between 
the prefix and the suffix identifies the country in which 
the instrument was manufactured. The manual is kept 
up-to-date at all times by means of a change sheet which 
is supplied with the manual. If the serial number of your 
instrument differs from the one on the title page of this 
manual, refer to the change sheet supplied with the 
manual. All correspondence with Hewlett-Packard 
should include the complete serial number. 


1-11. OPTIONS. 


1-12. Table I-3 lists the options available for the 
Multimeter. 


1-13. The option label affixed to the rear of the 
Multimeter identifies the line voltage for which the 
instrument is wired. This operating voltage can be 
changed by following the procedure outlined in Section V 
(Power Requirement Modification Instructions). If the 
line voltage option is changed, the option label should 
also be corrected to reflect the new configuration. 


1-14. ACCESSORIES. 


1-15. The accessories available for use with the 
Multimeter are listed in Table 1+. 


1-16. SAFETY CONSIDERATIONS. 


1-17. This Operating and Service Manual contains 
cautions and warnings alerting the user to hazardous 
operating and maintenance conditions. This information 
is flagged by a caution or warning heading and or the 
symbol ~ he symbol appears on the 
front panel and is an international symbol meaning “refer 
to the Operating and Service Manual”. This symbol flags 
important operating instructions located in Section III. 
To ensure the safety of the operating and maintenance 
personnel and retain the operating condition of the 
instrument, these instructions must be adhered to. 
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Table 1-1. Specifications. 


DC VOLTMETER 


Input Impedance: Resistance: 5 meg Q. 
Shunt Capacitance: < 50 pF. 


Max Display 


Input Type: Floating 500 V max COM to ground. 


+ 200 mV + 199.9 mV 

= A a 2 sep MY Response Time: 1.6 seconds to within 3 digits of final 
+200 Vv +1999 Vv ess bined range. Add 1.2 seconds for each 
+1200 Vv +1199 Vv . Si 


Maximum Input: 1200 V (de + peak ac). 


DC AMMETER 


Ranging: Automatic or manual. 


Sensitivity: 100 2V on 200 mV range. 


Max Display 


Polarity: Automatically sensed and displayed. + 200 pA + 199.9 vA 
° ° +2 mA + 1.999 mA 

Accuracy: 1 Year 15 to 30 C @95%5 RH. +20 mA + 19.99 mA 
+ 200 mA + 199.9 mA 

Specifications + 2000 mA +1999 mA 


200 mV 
2 V to 1200 V 


0.1% of reading + 2 digits) 


| 5 
+ (0.1% of reading + 1 digit) Maximum Input: 2A from < 250 V source. 


. 4 2 i Protection: 2A/250 V fuse (normal blow). 
Temperature Coefficient: 0 -15 C and 30 -55C 


Ranging: Manual only. 
+ (.018% reading + 0.1 digit) /°C ssi eles Aeneas sees 


Sensitivity: 100 nA on 200 WA range. 


Polarity: Automatically sensed and displayed. . 
Accuracy: 1 year, 15 to 30°C @ 95% RH. 


Input Resistance: 10 megQ + 1%. 


Input Type: Floating 500 V max COM to ground. 


Specifications 


Normal Mode Rejection: 40 dB at 50 Hz and 60 Hz 
Bo WHZ, 


200 nA to 200 mA 


+ (0.3% of reading + 2 digits) 
2000 mA +. ( 


0.6% of reading + 2 digits) 


Effective Common Mode Rejection: With 1 kQ ‘s 6 
unbalance is > 120 dB at 50/60 Hz + 0.1%. Temperature Coefficient: 0-15 C and 30 -55C 
+ (.028% of reading + 0.1 digits)/ C. 


Voltage Burden: 


Response Time: < 0.7 seconds to within 1 digit of final 
value on any range. Add 1 second for each range 
change. 


Max Burden 
at Full Scale 


AC VOLTMETER 


200 vA to 20 mA 
200 mA 
2000 mA 


< 220 mV 
< 240 mV 
< 400 mV 


AC Converter: Avg. Responding rms calibrated. 


Max Display 


Input Type: Floating 500 V max COM to ground. 


Response Time: 0,7 seconds on any range to within 
1 digit of final value. 


20 V 
200 V 
1200 V 


AC AMMETER 


Maximum Input: 1700 V (dc + peak ac), 10” volt - 
Hz max. 


Max Display 


Ranging: Automatic or manual, 


200 nA 199.9 pA 
Sensitivity: 100 uV on 200 mV range. 2mA 1.999 mA 
20 mA 19.99 mA 
Accuracy: 1 year, 15° to 30°C @ 95% RH. 200 mA 199.9 mA 
2000 mA 1999 mA 


Minimum Reading: 20 digits. 


Maximum Input: 2A from < 250 V source. 


+ (1.5% of reading + 3 digits) Protection: 2A/250 V fuse (normal blow). 


+ (0.3% of reading + 3 digits) 
+ (1.5% of reading + 10 digits) 


30 Hz -50 Hz 
50 Hz -20 kHz 
20 kHz - 100 kHz 


Ranging: Manual only. 
Sensitivity: 100 nA on 200 HA range. 


Accuracy: With display of > 20 digits. 
1 year 15 to 30 C 95% RH. 


Temperature Coefficient: 0° - 15°C and 30° -55°C 
+ (0.04% of reading + 0.2 digits) / C. 
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Table 1-1. Specifications (Cont'd). 
OHMMETER 
Specifications 
: Max Display 
+ (2%0 + (1.2% of reading 
reading + 4 digits) 5 
200 2 
+ 4 digits) 2 ee 
20 k2Q 


200 k2 


+ (1.7% of 2000 k2 
20 Moa 


reading 


Current Range 


(0.9% of reading Input Protection: 250 V rms. 


4 digits) 


+ 4 digits) 


200 vA Thru 
— 200 mA— ><2000 mA> 


Ranging: Automatic, or manual. 


Sensitivity: 10 milliohm on 20 2 range. 


30 Hz 50 Hz ° 
Accuracy: 1 year 15 to 30 C at 9555 RH. 


Frequency of Input Signal 


Temperature Coefficient: 0 - 15°C and 30 - 55°C 
+ (0.05% of reading + 0.2 digits) /°C. 


Voltage Burden: 


Specification 
202 + (0.5% of reading + 10 digits) 
200 2 to2 M2 (0.2% of reading + 2 digits) 


20 MQ + (0.8% of reading + 2 digits) 


Temperature Coefficient: 0 - 15°C and 30- 55 °C. 


< 220 mV rms Specifications 


< 240 mV rms 
< 400 mV rms 20 MQ 


200 nA to 20 mA 
200 mA range 
2000 mA range 


20 2 to2M2| + (0.04% of reading + 0.2 digits) /°C 
+ (.18% of reading + 0.2 digits) /°C 


Input Type: Floating 500 V max COM to ground. Goatiguraton< 20s 


Open Circuit Voltage: <5 V max. 


Response Time: 1.6 seconds on any range to within 


3 digits of final value. Current through unknown: 


200K8 


Current 500uA | 50uA] SHA 500nA |50nA 


Response Time: 0.8 seconds to within 1 digit of final 
value. Add 0.8 seconds for each range change. 


In accordance with |EEE—488—1975, the 3438A Multimeter 
meets the following Interface Function Specifications. 


Interface 


Function 3438A Capability 


Description 

Source handshake 

Acceptor handshake 

Talker (basic talker, talk only mode, 

unaddress-to-talk if addressed-to- 
listen 

Listener (basic listener, unaddress- 
to-listen if addressed-to-talk) 

Open collector Bus driver 

Device trigger 

Remote/Local 

Local lock-out 

Service Request 

Parallel poll 

Device clear 

Controller 
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Table 1-2. General Information. 


GENERAL: 


Display: 7 segment RED 0.3 inch high LED's. 
Function and range annunciation. 


Reading rate: 2.4 - 4.7/sec. depending on input level. 
A-D Conversion: Dual slope. 


Integration time: 100 msec. 


Ranging: Automatic or manual in ac V, dc V and ohms. 


Manual only in ac and dc current. 
Storage Temperature: (-40 to +75)°C; 


Operating Temperature: (0 to 55)°C. 


Humidity: 0 - 95% RH at 40°C. 
Power: AC line; 48 - 440 Hz 86-106 V Opt 
104-127 V Opt. 
190-233 V Opt. 
208-250 V Opt 


Total Instrument Power Dissipated: 12 watts 


Configuration: 3438A Std, Rack and Stack case, ac 
line power only. Rack mount kit not included. 


20.96 cm (8 1/4"’) wide x 8.57 cm 
(3 3/8'') high x 31.12 cm (12 1/4 in.) 


Dimensions: 


Weight: 2.87 kg (6 Ibs. 5 02.) 


Standard 

Option 100 
Option 115 
Option 210 
Option 230 
Option 908 


Option 910 


11002A 
11003A 
11096B 


5061-0054 
34110A 
34111A 


34112A 
11067A 
11000 A 
10631A 
10631B 
10631C 


Table 1-3. Options. 


Rack mount case. AC line operation only. 


86-106 Vac 48-440Hz 12 Watts 
104-127 Vac 48-440Hz 12 Watts 
190-233 Vac 48-440Hz 12 Watts 
208-250 Vac 48-440Hz 12 Watts 
Rack Mount Kit . -hp- Part Number 5061-0054. 


An additional Operating and Service Manual. 


Table 1-4. Accessories. 


Test leads (dual banana to dual alligator). 
Test leads dual banana to probe and alligator. 


RF Probe 10 kHz to 700 MHz, use only 10 V and 
100 V dc ranges. 

Rack adapter kit including % module filler panel. 
Soft vinyl carrying/operating case. 

High voltage probe, 40 kV dc 

Touch - Hold, input probe. 

Test lead kit. 

Test leads, dual banana on both ends 

1M (39.37) HP—1B Cables 

2M (78.74) HP—1B Cables 

4M (157.48’) HP—1B Cables 
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SECTION II 
INSTALLATION 
2-1. INTRODUCTION. 2-11. HEWLETT—PACKARD INTERFACE 


2-2. This section contains information and instructions 
for the installation and shipping of the Multimeter. 
Included are initial inspection procedures, power and 
grounding requirements, environmental information, 
and instructions for repackaging the instrument for 
shipment. 


2-3. INITIAL INSPECTION. 


2-4, This instrument was carefully inspected both 
mechanically and electrically before shipment. It should 
be free of mars or scratches and in perfect electrical order 
upon receipt. To confirm this, the instrument should be 
inspected for physical damage in transit. Electrical 
performance should be tested using the performance test 
outlined in Section V. If there is damage or deficiency, see 
the warranty inside the front of this manual. 


2-5. POWER REQUIREMENTS. 


2-6. The Multimeter can be operated from any one of 
the ac _power sources listed in Table 1-2. Before 
connecting the instrument to ac power, verify that the ac 
power source matches the power requirement of the 
instrument as marked on the option label affixed to the 
rear of the instrument. If the instrument is incompatible 
with the available power source, refer to Section V for 
Power Requirement Modification instructions. 


2-7. ENVIRONMENTAL REQUIREMENTS. 


2-8. The Multimeter will meet the specifications listed 
in Table 1-1 when the operating temperature is within the 
range of + 15°C to + 30°C. The instrument can be 
operated where the ambient temperature is within the 
range of 0°C to + 40°C and the relative humidity is less 


than 95%. 


To prevent potential electrical or fire hazard, 
do not expose equipment to rain or moisture. 


2-9. INSTRUMENT MOUNTING. 


2-10. The Multimeter is shipped with plastic feet and 
tilt stand in place, ready for use as a bench instrument. 
The front of the instrument may be elevated for 
convenience of operating and viewing by extending the 
tilt Stand. The plastic feet are shaped to permit placing the 
instrument on top of other System II half or full module 
Hewlett-Packard instruments. 


BUS (HP—IB). 


2-12. Figure 2-1 illustrates the rear panel HP—IB 
connector, along with a brief description of each signal 
line. 


2-13. Interface Cable Length. 

2-14. The maximum accumulative length of an HP—IB 
cable in any system must not exceed more than 2 meters 
of cable per device (up to 15 devices) or 20 meters, 
whichever is less. 


2-15. REPACKAGING FOR SHIPMENT. 


2-16. The following paragraphs contain a general guide 
for repackaging the instrument for shipment. Refer to 
Paragraph 2-17 if the original container is to be used, 2-18 
if it is not. If you have any questions, contact your nearest 
-hp- Sales and Service Office. (See Appendix A for office 
locations.) 


NOTE 


If the instrument is to be shipped to Hewlett- 
Packard for service or repair, attach a tag to 
the instrument identifying the owner and 
indicating the service or repair to be 
accomplished. Include the model number and 
full serial number of the instrument. In any 
correspondence, identify the instrument by 
model number and full serial number. 


2-17. Place instrument in original container with 
appropriate packing material and seal well with strong 
tape or metal bands. If original container is not available, 
one can be purchased from your nearest -hp- Sales and 


Service Office. 


2-18. If original container is not to be used, proceed as 
follows: 


a. Wrap instrument in heavy paper or plastic 
before placing in an inner container. 


b. Place packing material around all sides of 
instrument and protect front panel with cardboard strips. 


c. Place instrument and inner container in a heavy 
carton or wooden box and seal well with strong tape or 


metal bands. 
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HP-IB CONNECTOR J701 


CHASSIS/OUTGUARD 
GROUND 


Mating Connector: 


-hp- Part No. 1251-0293 
Amphenol No. 57—30240 


Mating Cables: 


10631A 3 ft. 
106318 6 ft. 


fa) 10631C 12 ft. 
au 4 
aA anne itt] 
Sono Otras ¢ no S £ = 
Soe eo a« fo P cE x 
agcaotazzt ad a 


DIO 1-8 (Data Input/Output) 
Mnemonic referring to the eight ‘Data Input/Output” 
lines. The DIO lines transfer messages in a byte-serial, 
bit paralle! manner. 


the source that the data on the DIO lines has been 
accepted. 


IFC (Interface Clear) 
Mnemonic referring to the “Interface Clear” control line. 
IFC is used to place the HP-IB system in a known quies- 
cent state. The IFC line is controlled by the system 
controller. 


EOI (End or Identify) 
Mnemonic referring to the “End or Identify” control 
line. EO! is used by a device to indicate the end of a 


multiple-byte transfer. 
SRQ (Service Request) Not Available in 3438A 


DAV (Data Valid) 
Mnemonic referring to the “Data Valid” control line. 
DAV is used to coordinate the “handshake” sequence. 
The DAV line is controlled by the source (talker). When 
DAV is true, data on the DIO fines is considered valid. 


Mnemonic referring to the ‘Service Request’ control 
line. SRQ is used (by any device having service request 
capability) to indicate to the system controller that the 
device requires service. The controller responds by polling 
the devices to determine which device requested service. 


ATN (Attention) 
Mnemonic referring to the “Attention” control line. The 
state of the ATN line determines whether the HP-IB is in 
the “Command mode” (ATN true) or the ‘‘Data mode” 
(ATN false). When ATN is true, all devices must listen to 
the data lines, and when ATN is false, only devices that 
have been addressed will actively transfer data. 


NRFD (Not Ready For Data) 
Mnemonic referring to the “Ready For Data” control 
line. NRFD is used to coordinate the “handshake” 
sequence. The NRFD line is controlled by the acceptor 
(listener). When NRFD is true, the acceptor indicates to 
the source that he is ready to accept data. 


NDAC (Data Not Accepted) 
Mnemonic referring to the “Data Accepted” control line. REN (Remote Enable) 
NDAC is used to coordinate the “handshake” sequence. Mnemonic referring to the ‘Remote Enable” control 
The NDAC line is controlled by the acceptor (listener). line, REN is used in conjunction with listen addresses 
When NDAC is true, the acceptor indicates to the source (DIO 1-8) to select either local or remote control! of each 
that the data on the DIO lines has been accepted. device. 


For further information concerning the HP-IB, refer to 
“Hewlett-Packard Interface, A Compendium of Technical 
Articles” -hp- publications No. 5952-2472. 


Interface Bus Connector. 


Hewlett-Packard 


Figure 2-1. 


2-19. POWER CORDS AND RECEPTACLES. 


2-20. Figure 2-2 illustrates the plug cap configurations 
that are available to provide ac power to the Multimeter. 
The -hp- part number shown directly below each plug cap 
drawing is the part number for the power cord set 
equipped with the appropriate mating plug for that 
receptacle. The appropriate power cord should be 
provided with each instrument. However, if a different aN ieavnsent QO. 2s0v-08" 
power cord set is required, notify the nearest -hp- Sales NRA ( t A, 
and Service Office and a replacement cord will be Ye ~» elt 
provided. The instrument ac power input receptacle and e1z0-1018~ 9 3120-0693 

cord set appliance coupler meet the safety specifications 
set by the International Commission on Rules for the 
Approval of Electrical Equipment (CEE 22), 


NN 4 
NG AQIS 
\ESy 


8120-1351 8120-1369 8120-1689 


iT0-B-4195 
*UL LISTED FOR USE IN THE UNITED STATES OF AMERICA 


Figure 2-2. Power Receptacles. 
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SECTION Ill 
OPERATING INSTRUCTIONS 


3-1. INTRODUCTION. 


3-2. This section contains instructions for operating the 
Multimeter. Measurements of ac and dc voltage, ac and 
de current, and ohms are discussed. Sample applications 
will be given in this section to demonstrate the use of the 
HP-IB. A description of the controls and connectors is 
given in Figure 3-3. 


To prevent potential electrical or fire hazard, 
do not expose the Multimeter or its accesso- 
ries to rain or moisture. 


3-3. AC Operation. 


3-4. Before connecting the Multimeter to ac power, 
verify that the ac power source matches the power re- 
quirements of the Multimeter as marked on the option 
label affixed to the rear of the instrument. If the instru- 
ment is incompatible with the available power source, 
refer to Section V of this manual for power requirement 
modification instruction. After this verification, con- 
nect the proper ac power to the instrument and press the 
ON button. The instrument is ready for use. 


3-5. Overload/Overrange/Improper Function Indication. 


3-6. Figure 3-1 shows the display indication during 
overload, overrange, or an improper switch setting. 


ies] Ce 


Figure 3-1. Overload Indication. 


3-7. Table 3-1 lists improper switch combinations. 


Table 3-1. Improper Switch Combinations. 


3-8. Auto. 


3-9. Depressing the AUTO switch with acV, deV or kQ 
function selected sets the Multimeter in an automatic 
ranging mode. In this mode the Multimeter will uprange 
if the display increases above (+) or (-) [i]9I9T9) and 
downrange if the display decreases below (+) or (-) 
. These numerical autoranging points are ir- 
respective of decimal placement. The difference be- 
tween the two autoranging points is called autoranging 
Hysteresis. Figure 3-2 shows the autoranging points for 
dc voltage measurements from 0 to 1200 V de. 
Autoranging in other Multimeter functions is similar. 


> > > 
=} S g 3 
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199¢9mV 
1e999V 
19eS9V 
19969V 
1200V 
(MAX) 


+— INPUT LEVEL (Vdc) ——_> | 


#=DOWNRANGE POINT *=UPRANGE POINT 


Figure 3-2. Multimeter Autoranging. 


3-10. To release the AUTO switch depress one of the 
MANUAL RANGE switches. 


3-11. Input Terminals. 


3-12. Input Selector Switch. The Input Selector Switch 
(front panel) is used to select front or rear input ter- 
minals. In the FRONT poisiton, the VQ, COM and A 
input terminals are internally connected to enable the 
user to make voltage, current, and resistance measure- 
ments from the front panel. With the Input Selector 
switch set to REAR, the V2 and COM input terminals 
on the rear panel are connected to allow the user to 
make voltage and resistance measurements. 


NOTE 


There is no current measuring capability 
Jrom the rear input terminals. 
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—FUNCTION 


rowlk —V¥ 


DESCRIPTION 


(@) POWER ON/OFF SWITCH. SWITCHES MULTIMETER 
POWER ON OR OFF. 


FUNCTION SWITCHES: USED TO SELECT THE FIVE 
MULTIMETER FUNCTIONS. 


@) DC VOLTAGE FUNCTION SWITCH. 

@) AC VOLTAGE FUNCTION SWITCH. 

@) DC MILLIAMPERES FUNCTION SWITCH. 
©) AC MILLIAMPERES FUNCTION SWITCH. 
(©) KILOHMs FUNCTION SWITCH. 


MANUAL RANGE SWITCHES: USED TO SELECT INPUT 
MEASUREMENT RANGES. 


20 OHMS RANGE SWITCH (OHMS ONLY). 

200 MILLIVOLT, MICROAMP AND OHMS RANGE SWITCH. 
2 VOLT, MILLIAMP AND KILOHM RANGE SWITCH. 

20 VOLT, MILLIAMP AND KILOHM RANGE SWITCH. 

200 VOLT, MILLIAMP AND KILOHM RANGE SWITCH. 
1200 VOLT, 2000 MILLIAMP AND KILOHM RANGESWITCH. 
20 MEGOHM RANGE SWITCH (OHMS ONLY). 


AUTO RANGE SWITCH. AUTOMATICALLY SELECTS 
RANGE FOR BEST RESOLUTION WHEN AC VOLTS, DC 
VOLTS, OR OHMS FUNCTIONS ARE SELECTED. 


INPUT TERMINALS. 


AMPS INPUT TERMINAL: USED IN CONJUNCTION WITH 
THE COM TERMINAL FOR MEASURING AC AND DC 
CURRENT. ALSO USED FOR READING HOLD INPUT. 


®OGQLO©OOO 
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Figure 3-3. Front and Rear Panel Descriptions. 
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TALK 


REMOTE 


COM INPUT TERMINAL: COMMON TERMINAL FOR 
AC/DC VOLTS, AC/DC AMPS AND OHMS MEASURE- 
MENTS. 


VOLTS/OHMS INPUT TERMINAL: USED INCONJUNCTION 
WITH THE COM TERMINAL FOR MEASURING AC/DC 
VOLTAGE AND OHMS. 


HP—IB STATUS ANNUNCIATORS. 

FUNCTION/ RANGE ANNUNCIATORS. 

DISPLAY: FOUR SECTION LED READOUT. LEFT SECTION 
DISPLAYS +/- 1. RIGHT THREE SECTIONS ARE 7 SEGMENT. 


INPUT SELECTOR SWITCH: IN THE REAR POSITION, THE 
Vf AND COM INPUTS ARE SWITCHED TO THE REAR 
PANEL AND THE FRONT PANEL INPUT TERMINALS ARE 
OPEN. IN THE FRONT POSITION, THE REAR PANEL INPUT 
TERMINALS ARE OPEN. REAR TERMINALS CANNOT BE 
USED FOR CURRENT MEASUREMENTS. 


AC POWER RECEPTACLE. 

HP—IB CONNECTOR. 

AC POWER INPUT FUSE. 

POWER SUPPLY TRANSFORMER. 


COM INPUT TERMINAL. SAME AS (18) EXCEPT NO 
CURRENT MEASUREMENTS WHEN USING REAR TERMI- 
NALS. 


V0 INPUT TERMINAL. SAME AS (17) WHEN USING REAR 
TERMINALS. 


POWER LINE GROUND TERMINAL. 
SERIAL NUMBER, LINE VOLTAGE LABEL. 


——————— eee. 
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To avoid possible damage to the Multimeter, 
do not change the position of the Input 
Selector switch while voltage is connected to 
the front or rear input terminals. 


3-13. VQ (Volts/Ohms). The VQ terminal (front or rear 
panel) is the high terminal for ac and dc voltage 
measurements. For ohms measurements, it is the 
positive (+) terminal. 


3-14. COM (Common). The COM terminal is used for all 
five Multimeter functions. It is the negative (-) terminal 
for ohms measurements and it is the /ow terminal for ac 
and dc voltage and current measurements. The rear 
panel COM terminal is only used for voltage and 
resistance measurements. 


ESE 


To avoid possible damage to the Multimeter 
circuitry, the voltage between COM and 
(earth ground) must not exceed plus or 
minus 500 V dc. 


3-15. A (Amps). The A terminal is the high terminal for 
ac and dc amps measurements. There is a 2 amp input 
protection fuse in series with this terminal. 


es: 


The current function is protected by a fuse 
of 250 V rating. To avoid damage to the 
Multimeter, current sources having open cir- 
cuit voltages greater than 250 V (dc + peak 
ac) must not be connected to the A (amps) 
input terminal. 


3-16. DC Voltage Measurements (Front or Rear Input Ter- 


minals). 
A\ScAUTION} 


To avoid possible damage to the Multimeter 
circuitry, the dc input voltage must not ex- 
ceed 1200 V (dc + peak ac). 


3-17. Procedure. 


a. Depress === V (dc volts). 


b. Depress proper manual range (200 mV to 1200 V) 
or depress AUTO for automatic range selection. 


c. Connect test leads from the Multimeter VQ (high) 
and COM (low) terminals to the voltage under test as 
shown in Figure 3-4. 
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BATTERY 


Figure 3-4. DC Voltage Measurements. 


3-18. AC Voltage Measurements (Front or Rear Input Ter- 


minals). 
A Feaurion} 


To avoid possible damage to the Multimeter 
circuitry, the ac input voltage must not ex- 
ceed 1700 V (dc + peak ac). 


3-19. Procedure. 


a. Depress ~ V (ac volts). 


b. Depress proper manual range (200 mV to 1200 V) 
or depress AUTO for automatic range selection. 


c. Connect test leads from the Multimeter VQ (high) 
and COM (low) terminals to the voltage under test as 
shown in Figure 3-5. 


~ 


AC VOLTAGE 
SOURCE 


Figure 3-5. AC Voltage Measurement. 
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3-20. DC Current Measurements. 


A FeAUTION} 


The current function is protected by a fuse 
of 250 V rating. To avoid damage to the 
Multimeter, current sources having open cir- 
cuit voltages greater than 250 V (dc + peak 
ac) must not be connect to the A (amps) in- 


put terminal. 


3-21. Procedure. 
a. Depress == mA (dc milliamperes). 


b. Depress proper manual range (200 pA to 


2000 mA). 
c. Connect test leads from the Multimeter A and 


COM terminals in series with the current under test as 
shown in Figure 3-6. 


Figure 3-7. AC Current Measurements. 
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3-22. AC Current Measurements. 


a ERUSN 


The current function is protected by a Suse 
of 250 V rating. To avoid damage to the 
Multimeter, current sources having open cir- 
cuit voltages greater than 250 V (dc + peak 
ac) must not be connected to the A (amps) 
input terminal. 


3-23. Procedure: 


a. Depress ~ mA (ac milliamperes). 
b. Depress proper manual range (200 p to 2000 mA). 


Cc. Connect test leads from the Multimeter A and 
COM terminals in series with the current under test as 
shown in Figure 3-7. 


DC 
CURRENT 
SOURCE 


AC 
CURRENT 
SOURCE 
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3-24. Resistance Measurements (Front or Rear Input Ter- 


minals). 
3-25. Procedure. 
a. Depress kQ (kilohms). 


b. Depress proper manual range or Auto for 
automatic range selection (20 2 to 20 MQ). 


c. Connect test leads from the Multimeter VO (=) 
and COM (-) terminals to the resistance under test as 
shown in Figure 3-8. 


NOTE 


When making resistance measurements us- 
ing the lower ohms ranges, consideration 
should be given to the resistance of the test 
leads. This potential measurement error can 
be eliminated by measuring the lead resis- 
tance and subtracting it from the combined 
resistance value of the test leads and the 
resistance under test. 


Figure 3-8. Resistance Measurement. 


3-26. HP-IB OPERATION. 


3-27. The Hewlett-Packard Interface Bus (HP-IB) is 
Hewlett-Packard’s implementation of IEEE Standard 
488-1975, ‘‘Standard Digital Interface for Program- 
mable Instrumentation.”’ 


3-28. BUS STRUCTURE. 


3-29. Communication between devices on the HP-IB 
employs the three basic functional elements listed 
below. Every device on the Bus must be able to perform 
at least one of these functions: 
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a. LISTENER - A device capable of receiving data 
from other instruments. Examples of this type of device 
are: printers, display devices, programmable power 
supplies, programmable signal sources and the like. 


b. TALKER - A device capable of transmitting data 
to other instruments. Examples of this type of device 
are: tape readers, voltmeters that are outputting data, 
counters that are outputting data, and so on. 


c. CONTROLLER - A device capable of managing 
communications over the HP-IB such as addressing and 
sending commands. A calculator or computer with an 
appropriate I/O interface is an example of this type of 
device. 


3-30. The HP-IB consists of sixteen signal lines, whose 
functions can be separated into three categories: 


a. DATA LINES - Eight bi-directional DATA lines 
are used to carry instrument addresses, control instruc- 
tions, and measurement results in a bit-parallel, byte- 
serial form. A seven-bit ASCII code represents each 
byte of DATA, with an eighth bit available for parity 
checking. 


b. HANDSHAKE LINES - Three lines are used to 
transfer data between devices using an interlocked 
‘‘handshake’’ technique. The purpose of the HAND- 
SHAKE lines is to coordinate the asynchronous transfer 
of data. 


c. CONTROL LINES - The remaining five lines 
operate independently and in conjunction to send Bus 
Management Messages to the devices connected to the 
HP-IB. The HP-IB interface connections and bus struc- 
ture are shown in Figure 3-9. 


3-31. The 3438A has two usable HP-IB modes of 
operation, namely, Talk Only and Addressed To Talk. 
Both modes will be discussed in the following 
paragraphs. 


3-32. Talk Only Mode. 


3-33. The Talk Only Mode is used in an HP-IB system 
without a controller. The Address Switches AS6 and 
AS7, which are located on the A3 Logic board (remove 
top cover), must be set as shown in Figure 3-10 for this 
mode. AS1 through AS5 may be set in any position. 


3-34. In the Talk Only mode with no other devices con- 
nected to the Multimeter, the Multimeter inputs are 
sampled continuously at a rate of 2.4 - 4.7/sec determin- 
ed by the exact input level. Data is output at the HP-IB 
terminal as fast as it is obtained. Refer to Table 3-2. 
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Figure 3-10. Talk Only Switch Settings. 
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GENERAL INTERFACE MANAGEMENT 
(5 SIGNAL LINES) 
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DATA BUS 
(8 SIGNAL LINES) 


MANAGEMENT (CONTROL) LINES 


Table 3-2. Output Delays. 


Group Execute Trigger (GET) < 1 msec 
Dual Slope Conversion < 300 msec 
Multimeter Output Availability < 9 msec 
GET thru Output Availability * < 310 ms 
Time to Output Data to the HP—IB < 900 us + Listener delay 
Time to Accept Data from the HP—IB | 310 us/character; 

100 uws/character typical 


*After 100 ms Auto Zero 
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Figure 3-11. Talk Only Data Logger. 


3-35. With other devices connected to the Multimeter 
via the HP-IB, the output data rate is determined by the 
slowest Listener. The following application shows a 
simple data logging system using the -hp- Model 3438A 
Multimeter and the -hp- Model 5150A Thermal Printer. 


3-36. Procedure: 


a. With both instruments OFF, connect the HP-IB 
cable between them. 


b. Set Printer to LISTENING (back panel). 


c. Set Printer PRINT COMMAND switch to LF (line 
feed). 


d. Set the Printer front panel to the desired Print In- 
terval. 


NOTE 


If the selected print interval is less than the 
Multimeter output rate, the actual print in- 
terval will be equal to the Multimeter sample 
period. 


e. Set the PRINT TIME switch to Sep Line (separate 
line). 


f. Set the Multimeter Address Switch to Talk 
Only/Operate as shown in Figure 3-10. 


g. Select the desired Multimeter Function and Range 
and connect the Multimeter to the unknown voltage, 
current, or resistance. 


h. Switch both instruments ON and set the printer 
clock time (front panel). The Multimeter TALK annun- 
ciator light should be ON. 


3-37. This system (see Figure 3-11) will print the 
Multimeter data and the Printer clock time. Any HP-IB 
compatible LISTENER can be used in place of the -hp- 
Model 5150A Printer for this system. 


3-38. If Option 003 is installed in the 5150A Printer, as 
many as thirteen 3438A Multimeters can be scanned on 
one HP-IB data logger system. 


3-39. Addressed To Talk Mode. 


3-40. The controller must send commands to specific 
instruments in order to direct information transfer. 
Each HP-IB device has a unique ‘‘address,’’ which is us- 
ed by the controller to specify that particular device. 
This address is user-selectable in the 3438A by the inter- 
nal address switches AS! through ASS. The Multimeter 
is shipped with address select code 23 as shown in Figure 
3-12. This switch is binary coded. 


ADDRESS 
SWITCHES 


ADDRESSABLE TALK ONLY 
OPERATE TEST AS6 
1 (16) AS5 (MSD) 
1 (8) AS4 
1 (4) ADDRESS ASS3 
1 (2) AS2 


1 (1) ASI (LSD) 


ION, = 2349 


Figure 3-12. Address Select Code. 


3-41. When a device, such as the 3438A, is both a talker 
and a listener, it has separate addresses for each mode. 
The talk and listen addresses are assigned in pairs, and 
depend on the 5-bit address code which has been 
selected by switches ASI through ASS. Referring to 
Table 3-3, if the 5-bit address code is set to 2349 
(10111), the corresponding listen address is the ASCII 
character ‘‘7,’’ while the talk address is the ASCII 
character ‘‘W’’. 


3-42. Bus Commands. 


3-43. The HP-IB operates in one of two modes, the 
“‘Command Mode’’ or the ‘‘Data Mode.”’ The state of 
the ATN (attention) line, determined by the controller, 
defines how data on the eight DIO (data) lines is inter- 
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Table 3-3. Talk and Listen Address. 


ASCII Code 
Character Address Switches S-bit 


Talk A5 A4 A3 A2 Al Decimal Code 


rASe- TA MMOAAMP?H 


= 
= 


— OOnNOn kon amr: 


I—-—T-N<XKSBKCCANM*DOVOSZ 
es ees te we we eww KK KH occoccccoccocco°cecea 


we S-o0ccoorHr---?-0o0000+4+++-0000+—-—-—-0000 
-oo-r--ocoor--0o0o--00++-00-—-00-+-00+-=+00 
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preted by other devices on the bus. When ATN is low 
(true), the HP-IB is in Command Mode; when ATN is 
high (false), the HP-IB is in the Data Mode. 


a. Talker Address - only one bus device at a time may 
act as the talker. When the controller addresses a unit to 
talk, the previous talker is automatically unaddressed 
and ceases to be a talker. Confusion would result if 
more than one device were allowed to talk at a time. 


b. Listener Address - up to 14 devices at a time may 
be listeners. 


c. Universal Commands - bus devices capable of 
responding to those commands will do so at any time 
regardless of whether they are addressed. 


d. Addressed Commands - these commands are 
similar to universal commands except that they are 
recognized only by devices that are addressed as 
listeners. 


e. Unaddress Commands - 


1. “Unlisten’? Address Command - unad- 
dresses all listeners previously addressed to 
listen. 


3-8 


Model 3438A a 


2. ‘‘Untalk’? Address Command - unad- 
dresses all talkers previously addressed to 
talk. 


3-45. In ‘‘Command Mode,”’ one or more special codes 
known as ‘‘bus commands’’ are placed on the HP-IB. 
These commands have the same meaning in all bus 
systems. Each device is designed to respond to those 
commands which have a useful meaning to the device 
and will ignore all others. The operating manual will 
state which commands the device will obey. Bus com- 
mands fall into three categories: 


(a) Universal commands affect all 
devices on the bus, whether addressed 
or not. 


(b) Addressed commands affect only 
those devices which are addressed to 
listen. 


(c) Unaddress commands are obeyed 
by all addressable devices. These com- 
mands unaddress devices that are cur- 
rently addressed. 


Bus commands to which the 3438A will res- 
pond are listed in Table 3-4. 


3-46. Control Lines. 


3-47. Of the five control lines, the 3438A is designed to 
respond to only three: 


a. ATN - when ATN is low (true), the HP-IB is in 
Command Mode; when ATN is high (false), the HP-IB 
is in the Data Mode. 


b. IFC - (Interface Clear). Only the system controller 
can activate this line. Setting IFC true causes all talkers 
and listeners to go to their inactive states. 


c. REN - (Remote Enable). The system controller sets 
REN low and then addresses the devices to Listen before 
they will operate under remote control. 


3-48. Handshake Lines. 


3-49. The handshake lines are shown in Figure 3-9. The 
mnemonics of each line have the following meaning: 


DAV - Data Valid 
NRFD - Not Ready For Data 
NDAC - Not Data Accepted 


The handshake timing sequence is illustrated in Figure 
3-13. Each data byte transferred by the interface system 
uses the handshake process when exchanging data be- 
tween source and acceptor. In Data Mode, the source is 
a Talker and the acceptor is a Listener. 


@ 
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Table 3-4. 3438A Bus Commands. 


ASCII 
Character 


Command Purpose 


Unaddress UNL Unlisten ? Clears Bus of all listeners 

Commands UNT Untalk Unaddresses current talker so 
that no talker remains on the 
Bus* 


Universal 


Commands None None 


Addressed GTL Go to Local Returns devices to local control 
Commands GET Group Ex- Initiates a simultaneous action 
ecute Trigger by responding devices 


The timing diagram illustrates the handshake process by indicating the actual waveforms on the 
DAV, NRFD, and NDAC lines. The NRFD and NDAC signals each represent composite waveforms 
resulting from two or more Listeners accepting the same data byte at slightly different times. This is 
usually due to variations in the transmission path length and individual instrument response rates 
(delay). 


The subscripted letters on the timing diagram refer to the same event on the list of events. 


HANDSHAKE line timing diagram for one talker and multiple listeners using the hand- 
shake process. Two cycles of the handshake sequence are shown. Also refer to the 
flow diagram and list of events on this figure. 
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Period in which data is ~ Period in which all Wy Period in which all 
guaranteed to be valid. WX ee become ready for Gy, listeners accept data. 
ata. 


List of Events for Handshake Process 
Source initializes DAV to high (False—data not valid). 


Acceptors initialize NRFD to low (True—none are ready for data), and set NDAC 
to low (True—none have accepted the data). 


Source checks for error condition (both NRFD and NDAC high), then places data 
byte on DIO lines. 


Figure 3-13. Handshake Timing Sequence. 
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P, Source delays to allow data to settle on DIO lines 


ee eel 


T> Acceptors have all indicated readiness to accept first data byte; NRFD goes high. 


‘ 


T; When the data is settled and valid, and the source has sensed NRFD high, DAV is set 
low. 


Ty First acceptor sets NRFD low to indicate that it is no longer ready, then accepts the 
data. Other acceptors follow at their own rates. 


Ts First acceptor sets NDAC high to indicate that it has accepted the data (NDAC re- 
mains low due to other acceptors driving NDAC low). 


Tg Last acceptor sets NDAC high to indicate that it has accepted and NDAC goes high. 
T; Source, having sensed that NDAC is high, sets DAV high. This indicates to the ac- 


ceptors that data on the DIO lines must now be considered not valid. Upon comple- 
tion of this step, one byte has been transferred. 


P, Source changes data on the DIO lines. 

T,* Acceptors, upon sensing DAV high set NDAC low in preparation for next cycle. 
NDAC goes low as the first acceptor sets it low. 

Ty First acceptor indicates that it is ready for the next data byte by setting NRFD high. 
(NRFD remains low due to other acceptors driving NRFD low). 

Tyo Source checks for error condition (both NRFD and NDAC high), then places data \ 
byte on DIO lines (as at T,). 

P, Source delays to allow data to settle on DIO lines. 

(Tj9—T}2) 


Ty Last acceptor indicates that it is ready for the next data byte by setting NRFD high; 
NRED signal line goes high. 


=~ 
a 
aS 
5 
Mw ebn Parmatog Nama? nad ca! rarattomnal pant emenN n pnt agian ral ean Nnagptmeneh setter agatha ite cet ae wpe amPiaeil cease mt 


Ty Source, upon sensing NRFD high, sets DAV low to indicate that data on DIO lines is 
settled and valid. 


i 

Ty3 First acceptor sets NRFD low to indicate that it is no longer ready, then accepts the 7 
data. ; 

{ 

Ty4 First acceptor sets NDAC high to indicate that it has accepted the data. : 
% 

Tis Last acceptor sets NDAC high to indicate that it has accepted the data (as at T,). i 
Ty Source, having sensed that NDAC is high, sets DAV high (as at T,). 2 
3 

Ty7 Source removes data byte from DIO signal lines after setting DAV high. { 
Ty,” Acceptors, upon sensing DAV high, set NDAC low in preparation for next cycle. i 
*Note that all three handshake lines return to their initialized states, as at T, and T). i 

Figure 3-13. Handshake Time Sequence (Cont'd). : 
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3-50. Data Lines. 


3-51. A set of eight interface lines is available to carry 
all seven bit interface messages and device dependent 
messages. These are DATA INPUT OUTPUT lines, 
DIOI1 through DIO8. Only seven lines are required for 
transfer of data. The eighth line is usually used for a 
parity check. The data on the DIO lines is transferred in 
a bit parallel, byte serial form, asynchronously and 
bidirectionally. 


a. Data Mode - 


When ATN (attention) goes high (false), the 
HP-IB is in the ‘‘Data Mode’’. In this mode 
data may be transferred between devices that 
were addressed when the HP-IB was in Com- 
mand Mode. Messages that can be transfer- 
red in Data Mode include: 


1. Programming Instructions - 


Codes are seven bit bytes placed on the 
HP-IB data (DIO) lines. The meaning of 
each byte is device dependent and is 
selected by the equipment designer. These 
types of messages are usually between the 
controller acting as the talker and a single 
device that has been addressed as a 
listener. The 3438A is not designed to ac- 
cept programming instructions. All func- 
tion and range information must be 
entered via the front panel. 
2. Data Codes - 


Data codes are seven-bit bytes placed on 
the data lines. The meaning of each byte is 
device dependent. For meaningful com- 
munication to occur, both the talker and 
listener must agree on the meaning of the 
codes they use. 


3-52. Individual data bytes transmitted on the HP-IB 
can be described in an octal code. The binary bits are 
separated into groups of three starting from the right- 
hand side (see Table 3-5). Within the groups each binary 
bit is assigned a weight - ‘‘1’’, ‘‘2’’ and ‘‘4’’ respective- 
ly. The octal numbers corresponding to each group of 
bits is the summation of the weights of the binary ones 
in each group. 


Section III 


NOTE 


When seven-bit character ASCII code is used 
the hundreds group contains only one bit 
which can take on the octal value of ‘0’’ or 
c “7 ni 


3-53. Data Output Format. 


3-54. The Data Output Format and Function Codes are 
shown in Figure 3-14. 


+ D.ODD 


—_— 


Display Exponent Oelimiter Function Carnage 


Return 


—O Code 


Input 
Value Function 


Figure 3-14. Data Output Format and Function Codes. 


3-55. The Data Output Format is a fixed length of 13 
characters. The Display and Exponent portion combine 
to relate the actual input value. 


Example: 


If the Multimeter display reading was + 17.90 V in the 
dc V function, the output format would be: 


+1.790E + 1,1 


Input Value Function Code 


NOTE 


There is no leading zero suppression. 


3-56. Overload Indication. The output format for an 
Overload Indication is: 


1.DDD E + 9, F, CR, LF. 


Random 
Numbers 
Overload Indication 


The leading 1 and the +9 exponent signifies an 
overload indication. 


Table 3-5. Octal Code Conversion. 


1 0 
1 1 
10] 1 
10) ie) 


br fee ose {ta aot 


1 
ie) 
1 
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3-57. PROGRAMMING INFORMATION. 
2. When placed in Remote, the 3438A re- 


3-58. Using the 3438A Multimeter on the HP-IB will be quires a trigger command before a reading 
easier if the following three points are remembered: can be taken. 
3. If the 3438A is addressed to talk, but is 


not in Remote, it will take readings without 
having to receive a trigger command first. 


1. All function and range information 
must be entered via the front panel. There 
are no software programming commands. 


MULTIMETER 
hp 3438A 


Seen a 


zm INTERFACE 


hp 98I35A ooo0000 oooon0000 ° 


3438A-B-2 


Figure 3-15. 9815A/HP-IB Application. 
9815A PROGRAM #1 PRINTOUT 


9815A PROGRAM #1 


ENTER go66 
3438A ADDRESS { Hees @ 
Anas 2.430 01 REPRESENT C ( 
GO TO 9905 2.43 x 10! = 24.3 V de 
REN) Gaa7 
BABS ENDS 
Gand 1 
AGiG STO e 
B11 2 
G12 B 
Ree a013 ST) =F 
OG14 FOR A+F 
6015 PAUSE 
G416 HENT A 
B17 2 
ieeeee: G18 3 
619 ENTER1 a 
3 CMD 1 
TRIGGER = 
3438A (GET) HBG 
A = ana i 
B25 2 106 
BG26 3 1 
6027 READY 5 aS 
GA29 Key 368 
8030 SCI 5 1 
INPUT AND 6032 PRINT Baa 
PRINT 3438A @B33 Kt7 1 
DATA 6034 FIX 6 
GG36 PRINT 
GG37 SPACE 
BG28 GOTO B17 
END 
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MULTIMETER 
hp 3438A 


CALCULATOR 
hp 9825A 


Y= 
= 


O00000 Ooooooo0 ° 


3438A-B-3 


oo 


98214A & 98210A 
ROMS INSTALLED 


*MUST HAVE 98214A AND (98210A ROM's INSTALLED 


Figure 3-16. 9825A/HP-IB Application. 


9825A PROGRAM #1 PRINTOUT 


9825A PROGRAM #1 


Wi FEse0 30102 
Sf wg it BBG ES ES 
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4: fxd 4 
Si red Os¥s 
6! prt ¥ 
7; fxd @ 
Gio prt Frspo 
9: wait 188 
G2 sia. “A” 


oe Re ee 
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LINE PRINTER 
hp 9866A 


MULTIMETER 
hp 3438A 
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° 
go0000 oooo00000 © 


3438A-B-4 


lO63IA/B/C_HP-IB CABLE 


INTERFACE 
hp 59405A 


CALCULATOR 
hp 9830A 


Figure 3-17. 9830A/HP-IB Application. 


9830A PROGRAM #1 PRINTOUT 


9830A PROGRAM #1 


dcV 
FUNCTION 


cho "eu" 

FORMAT 6 

OUTPUT Cias2ho1beds 
CHD "SH" 

DIM Asli3] 

ENTER (13: 280H# 
PRIHT AF 

GOTO 68 
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9830A PROGRAM #2 9830A PROGRAM #2 PRINTOUT 


DIM ASC 13] ~H, BAGE+2Zs 4 
FOR [=1 To 3a -A.GBBE+25 1 


CAD SSUr 

FORMAT 6B 

DUTPUT Ciss4es25es8s 5125 
CMD “SW" 

EHTER Clas4Q9A# 

PRIWT Ae 


+4, G0GE+25 1 
-H, GABE+2s 1 
-H, GOGE+2s f 
+8, G0GE+2: 1 
~B, GAGE+2s 1 
-H, GOGE+25 1 


cn oa fire 


Cr et er a ee ei Ee 


Lea 


me at Ot my. 


HEAT I +8, 06GE+2s 1 
4a EMD -H, BGGE+2s 1 


-G@,G0GE+2: 1 
-@,.QBBE+2: 1 
-H. @80E+2s 1 
-G@. QG9BE+25 1 
+8. 86BE+25 1 
+8, B8BE+2s 1 
+4. 68BE+2s 1 
-8. Q@BBE+2s 1 
+H. 86HE+2:s 1 
-8.BAaGE+2s 1 
+8. QGGE+25 1 
+8, BBBE+2s 1 
+4, Q8GE+2s 1 
+8, Q08E+2s 1 
+8, 8BHE+25 1 
-@. WAGE+2s 1 
+8. 88BE+2s 1 
+8, 88GE+25 1 
+8, QGHE+25 1 
+8. QAGE+2s 1 


1 = TAKE 30 TRIGGERED READINGS 
2 = GROUP EXECUTE TRIGGER 
3 = 3438A ADDRESSED TO TALK 


4 = SEND READING TO 9830A AND PRINT RESULT 
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Table 4-1. Test Equipment Required. 


Required Characteristics Recommended Model 
AC Calibrator/High 
Output: 10 mV to 1000 V 


-hp- 745A/746A 
Voltage Amplifier 
Accuracy (mid band): + 0.1% 

DC Standard Output: 1 mV to 1000 V -hp- 740B 
Accuracy: + 0.02% 

Meter Calibrator Output: 1A -hp- 6920B 
Accuracy: + 0.1% 

Electronic Counter Frequency: 50 and 60 Hz -hp- 5300A/5302A 
Accuracy: + 0.01% 


12,10 2, 100 Q, 1 kQ, 10 kQ, 100 kQ General Radio 
and 1 M{2 steps Mdl GR 1433-H 


Accuiacy: + 0.005% 


Instrument Type 


Frequency: 20 Hz to 100 kHz 


Resistor Decade Box 


1 022 0.02% G.R. 1440-9601 
10 02+ 0.01% G.R. 1440-9611 
1 k§2+ 0.01% G.R. 1440-9631 
10 kQ + 0.01% G.R. 1440-9641 

G.R. 1440-9651 


100 k{Q2 + 0.01% 
1 MQ + 0.01% 
10 MQ + 0.1% 
22 kQ + 1% 
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SECTION IV 
PERFORMANCE TESTS 


4-1. INTRODUCTION. 


4-2. This section of the manual explains the 
Performance Tests used to verify the specifications listed 
in Section I, Table I-1. A Performance Test Card is at the 
end of this section for recording the results of these tests. 


4-3. Test Equipment Required. 


4-4. Equipment required for the Performance Tests is 
listed in Table 4-1. Equipment that satisfies the critical 
specifications given in the table may be substituted fora 
recommended model. Test equipment set-ups are shown 
for each Performance Test. 


4-5. PERFORMANCE TESTS. 


4-6. The Performance Tests will be described in the 
following sequence: 


a. DC Voltmeter Accuracy Test. 

b. AC Voltmeter Accuracy Test. 

c. DC Ammeter Accuracy Test. 

d. AC Ammeter Accuracy Test. 

e. Ohmmeter Accuracy Test. 

f. ACV Normal Mode Rejection Test. 


g. ACV Common Mode Rejection Test. 


4-7. Abbreviated Performance Tests. Each 
Performance Test has an associate table that gives the 
Multimeter and test equipment settings, and the 
Multimeter display tolerances. Within each table, certain 
tests are highlighted by bold type. These tests comprise 
the Abbreviated Performance Tests. The Abbreviated 
Performance Tests should be used to verify a repair. The 
complete Performance Test is used to certify the 
Multimeter performance. 


4-8. DC Voltmeter Accuracy Test. 


To avoid possible damage to the Multimeter 
circuitry, the de input voltage must not exceed 
1200 V (de+ peak ac). 


4-9. A DC Standard is required for this test. 
a. Set the Multimeter to dc volts and 20 mV range. 
b. Allow the Multimeter to warm up for [5 minutes. 


c. Connect the DC Standard to the VQ and COM 
terminals as shown in Figure 4-1. 


d. Check all the ranges listed in Table 4-2 for the toler- 
ances indicated. 


Table 4-2. DC Voltmeter Accuracy Test. 


DC Standard Multimeter 
Range Output Display Limits 


+1.9V 19.8 to 20.2 mV 
+5.0V 49.8 to 50.3 mV 
—10.0 V —99.7 to —100.3 mV 


—19.0 V —189.6 to —190.4 mV 


-—.19 V 
—.50 V 
+1.0V 
+1.9V 


—.189 to —.191 V 

—.499 to —.502 V 
998 to 1.002 V 

1.897 to 1.903 V 


+1.9V 
+5.0V 
—10.0 V 
+19.0V 


1.89 to 1.91 V 
4.99 to 5.02 V 

—9.98 to —10.02 V 

+ 18.97 to + 19.03 V 


—19.0 V 
—50.0 V 

+ 100.0 V 
+ 190.0 V 


—18.9 to —19.1 V 
—49.9 to —50.2 V 
99.8 to 100.2 V 

189.7 to 190.3 V 


—190.0 V 
+ 500.0 V 
+ 1000.0 V 


—189 to —191 V 
499 to 502 V 
998 to 1002 V 


NOTE: Abbreviated Performance Tests are in bold type. 


*On the 200 mV Range a 100.1 resistive divider 1s 
used with the DC Standard output voltage to 
provide the needed accuracy 


4-10. AC Voltmeter Accuracy Test. 


4-11. An AC Calibrator and High Voltage Amplifier will 
be required for this test. 


To avoid possible damage to the Multimeter 
circuitry, the ac input voltage must not exceed 
600 Wde or 1700 Vo (de + peak ac). 
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A MULTIMETER 
i 7408 hp 3438A 


goog00 googugdd ° 


3435-B- 4657 


. Peemes 
NOTE 3 ; DESCRIPTION HP PART NO. 


10 K + .01% WIRE WOUND 0811-1185 
100.6 + .1% WIRE WOUND 0811-1647 
10K + 1% WIRE WOUND 0811-3234 
20 K TEN TURN POTENIOMETER 2100-3484 


MAX INPUT 
20 VDC 


Lo 


Figure 4-1. DC Voltmeter Accuracy Test. 


a. Set the Multimeter to acV. Table 4-3. AC Voltmeter Accuracy Test. & 
b. Connect the AC Calibrator as shown in Figure 4-2. wet 
c. Check the ranges and frequencies listed in Table 4-3 a 2 ae - oo . 
for the tolerances indicated on all ranges through 200 V 20 kHz 196 to 20.4 mV 
(100 V input). 100 kHz 48.3 to 51.8 mV 
30 Hz 49.0 to 51.1 mV 
| WARNING | 20 kHz 49.6 to 50.5 mV 
30 Hz 98.2 to 101.8 mV 
. 50 Hz 99.4 to 100.6 mV 
Use extreme care when checking the 50 kHz 97.5 to 102.5 mV 
following ranges. Establish all connections 30 Hz 186.9 to 193.2 mV 
before turning on the high voltage source. 
When the tests are completed, turn off the seb pad lap 
4 . . ° . . oT. 
high voltage before disconnecting any cables 20 kHz "994 to 1.006 V 
or test leads. 
30 Hz 1.94 to 2.06 V 
d. To check the 1200 V range and the 190 V input to 50 Hz 1.96 to 2.04 V 
the 200 V range, connect the High Voltage Amplifier to pina es ee se Gs 
the Multimeter and check the tolerances indicated. 20 kHz 4.96 to 5.05 V 
50 kHz 4.83 to 5.18 V 
200 Hz 18.91 to 19.09 V 
“12. ter Accuracy Test. 10 kHz 18.91 to 19.09 V 
4-12. DC Amme y Tes 100 kHz 18.62 to 19.39 V 
4-13. This test requires the use of a power supply, a DC 20 kHz 19.6 to 20.4 V 
Standard and a precision resistor listed in Table 4-4 (part 50 Hz 19.4 to 100.6 V 
numbers are given in Table 4-1) or a resistor decade box. a0 186.9 to 193.2 V 
y : 20 kHz 196 to 204 V 
a. Connect the Multimeter and test equipment as 30 Hz 490 to 511 V 
shown in Figure 4-3. *1000 V 10 kHz 994 to 1006 V 
b. Connect the 100 kilohm + 0.01% resistorinthe R A NOTE: Abbreviated Performance Tests are in bold type. @ 
position as shown. * .,. Use 746A Output. ef 
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AC CALIBRATOR 


HIGH VOLTAGE AMPLIFIER 
hp 746A 


Section IV 


MULTIMETER 
hp 3438A 


3435-B-4656 


Figure 4-2. AC Voltage Accuracy Test. 


c. Set the Multimeter functionto === mA and range 
to 200u A. 


d. Check all the Multimeter ranges, using the values of 
Ra and differential voltmeter readings shown in Table 4- 
4. The Multimeter display should indicate within the 
limits provided. 


Table 4-4. DC Ammeter Accuracy. 


Current Differential Multimeter 
Range Level Ra VM Reading Display Limits 


100 kQ 1.0000 V 9.8 to 10.2 uA 
+ 0.01% 5.0000 V 49.7 to 50.4 pA 
10.000 V 99.5 to 100.5 wA 


1kQ -10000 V 
+ 0.01% -50000 V 
1.0000 V 


.098 to .102 mA 
.497 to .504 mA 
-995 to 1.005 mA 


1kQ 1.0000 V 
+ 0,01% 5.0000 V 
10.000 V 


.98 to 1.02 mA 
4.97 to 5.04 mA 
9.95 to 10.05 mA 


102 -10000 V 
+ 0.01% 5000 V 
1.0000 V 


9.8to 10.2 mA 
49.7 to 50.4 mA 
99.5 to 100.5 mA 


12 -10000 V 
500 mA] + 0.02% 50000 V 
-80000 V 


97 to 103 MA 
495 to 505 mA 
793 to 807 mA 


NOTE: Abbreviated Performance Tests are in bold type. 


4-14. AC Ammeter Accuracy Test. 


4-15. An AC Calibrator and AC Current Source are 
required for this test. 


a. Connect the equipment as shown in Figure 4-4 
using the decade resistor box to select the value of RA. Set 
the Multimeter function to~mA. Using the values of RA 
and AC Calibrator outputs shown in Table 4-5, check the 
200H A, 2 mA and 20 mA Multimeter ranges at the 
frequencies listed. 

b. To check the 200 mA and 2000 mA ranges, it will be 
necessary to use an ac current source. Connect the ac 
current source to the Multimeter as shown in Figure 4-5. 


c. Check the Multimeter 200 mA and 2000 mA ranges 
for the tolerances listed in Table 4-6. 


4-16. Ohmmeter Accuracy Test. 
4-17. A precision resistive decade box is required for this 
test. This resistive decade should be calibrated to withina 


tolerance of + .005°%. 


a. Set the Multimeter to the kQ function and the 200 
range. 


b. Connect the equipment as shown in Figure 4-6. 


Table 4-5. AC Ammeter Accuracy Test (200 » A Thru 20 mA Ranges). 


AC Calibrator 
Range Output Level 


200 pA 
2mA 
20 mA 


AC Calibrator Ra Current Multimeter 
Frequency Value Level Dispiay Limits 


100 kQ + .1% 
100 kQ + .1% 
10 kQ + 0.1% 


19.4 to 20.6 vA 
.194 to .206 mA 
1.94 to 2.06 mA 


Model 3438A @& 
Section 1V y 


¥ 


OC 
DIFFERENTIAL 
VOLTMETER 
hp 7408 


MULTIMETER 
hp 3438A 


INPUT CABLE 
hp 110544 


3435-8-4659 


AC CALIBRATOR 


hp 745A MULTIMETER 
hp 3438A 


5 


3435 -8-4658 


Table 4-7. Ohmmeter Accuracy Test. 


Standard Multimeter 
Range Resistance Display Limits 


90 to 1.11 2 
9.85 to 10.152 
18.81 to 19.20 2 


AC/DC METER 
CALIBRATOR MULTIMETER 
hp 69208 hp 3438A 


18.8 to 19.22 
49.7 to 50.3 2 
189.4 to 190.6 2 


.188 to .192 k2 
.996 to 1.004 k2 
1.894 to 1.906 k2 


Figure 4-5. AC Ammeter Accuracy Test 
(200 mA and 2000 mA Ranges). 


1.88 to 1.92 kQ 
4.97 to 5.03 kn 
18.94 to 19.06 kQ 


fable 4-6. AC Ammeter Accuracy Test 
(200 mA and 200 mA Ranges) 


AC Current Multimeter 
Range Source Output Display Limits 


200 mA 20 mA 19.4 to 20.5 mA 


49.2 to 50.9 mA 
98.7 to 101.3 mA 


18.8 to 19.2 kQ 
99.6 to 100.4 k2 
189.4 to 190.6 k2 


2000 k2 188 to 192 k2 
497 to 503 k2 


1894 to 1906 kQ 


1.86 to 1.94 MQ 
4.94 to 5.06 M2 
9.90 to 10.10 M2 


194 to 206 mA 
490 to 510 mA 

984 10 1016 mA 
NOTE: Abbreviated Performance Tests are in bold type. \ 
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Figure 4-6. Ohms Accuracy Test. 
c. Set the resistive decade to zero ohms. 


d. Check all ranges listed in Table 4-7 for the 
tolerances indicated. 


4-18. AC Normal-Mode Rejection Test. 


4-19. The purpose of the test is to verify the ability of the 
Multimeter to make accurate DC Voltage measurements 
in the presence to AC Voltage at power line frequencies. 


Definition: AC Normal-Mode Rejection is the ratio of 
the peak normal-mode voltage to the resultant error in 
reading. 


NMRR (dB) = 


0 1 Peak AC Interfering Voltage 
20 Log Soy Se I IGE LE ae 
oy Change in DCV reading (i.e., peak roll) 


4-20. An AC Calibrator and Electronic Counter are- 


required for this test. 


a. Connect the test equipment as shown in Figure 4-7. 
Do not connect the Multimeter at this time. 


b. Using the Electronic Counter as a monitor, adjust 
the AC Calibrator frequency to 60 Hz + 0.1% (Period - 
16650 to 16683 ps). 


c. Set the Multimeter function to dcV (===V) and 


range to 20 V. Short the Multimeter input and note the 
indication. 


AC CALIBRATOR 


ELECTRONIC COUNTER 


Section IV 


d. Disconnect the short and connect the AC 
Calibrator to the Multimeter input. Adjust the 
Calibrator output to 7.07 V rms (10 V peak). 


e. The Multimeter indication should not vary more 
than 0.10 V or 10 digits peak from the indication noted in 
Step c. This verifies an AC Normal-Mode Rejection of 40 
dB. 


f. Repeat Steps c.d,andeforan AC Calibrator output 
frequency of 50 Hz + 0.1% as monitored by the 
Electronic Counter (Period = 19980 to 20020 ps). 


4-21. AC Common Mode Rejection Ratio - 
CMRR. 


4-22. The purpose of this test is to verify the ability cf the 
Multimeter to make accurate AC Voltage measurements 
at power line frequencies applied simultaneously to the V 
- Qand COM terminals. 


Definition: CMRR (dB) = 
RMS AC Interfering Voltage 
NY Logi}: = aa : 
Change in ACV reading 


4-23. An AC Calibrator and Electronic Counter are 
required for this test. 


a. Conncet the AC Calibrator to the electronic 
counter and adjust for a frequency of 50 Hz = 0.1% 
(19,980 ws to 20,020 ps). 


b. Set the AC Calibrator for an output of 10 V rms. 


c. Setthe Multimeter to the ACV function and the 2 V 
range. Connect a | K + 1% resistor between V - 0 and 
COM terminals at the Multimeter front panel. 


d. Connect the AC Calibrator between the Multimeter 
V - 2 terminal (with the | K resistor still in place) and 
power line ground as shown in Figure 4-8. 


MULTIMETER 
hp 3438A 


hp 5300A 


°O0O0O 


go0000 goo000000 ° 


3435-8-46'7 


Figure 4-7. AC Normal-Mode Rejection Test. 
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AC CALIBRATOR MULTIMETER 
hp 745A hp 3438A 
ELECTRONIC COUNTER 
hp 5300A 
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° O00 


3435-B-4618 


Figure 4-8. AC Common-Mode Rejection Test. 


e. The reading on the Multimeter should not change 
by more than 0.010 V or 10 digits from the reading noted 
in Step c in order to verify and AC Common-Mode 
Rejection of 2 60 dB. 


f. Repeat Steps c and d with the frequency adjusted to 
60 Hz + 0.1% (16,650 ps to 16,683 pws). 
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Hewlett-Packard Model 3438A 


Abbreviated Performance Test Card 


Test Performed By 


Multimeter 
SOnalNot == oe ee Date 


DC Voltmeter Accuracy 
200 mV Range/-190 mV 
2 V Range/+ 1.9 V 

20 V Range/+ 19 V 

200 V Range/+ 190 V 
1200 V Range/-190 V 


-189.6 to -190.4 mV 
1.1897 to 1.903 V 
+ 18.97 to+ 19.03 V 
189.7 to 190.3 V 
-189 to -191 V 


AC Voltmeter Accuracy 
200 mV Range/20 mV, 30 Hz 
2 V Range/1.9 V, 100 kHz 
20 V Range/2 V, 200 Hz 

20 V Range/2 V, 10 kHz 

20 V Range/19 V, 200 Hz 
20 V Range/19 V, 10 kHz 
20 V Range/19 V, 100 kHz 
200 V Range/190 V, 30 Hz 
1200 V Range/200 V, 20 kHz 


19.4 to 20.6 mV 
1.862 to 1.939 V 
1.96 to 2.04 V 
1.96 to 2.04 V 

18.91 to 19.09 V 
18.91 to 19.09 V 
18.62 to 19.39 V 
186.9 to 193.2 V 
196 to 204 V 


DC Ammeter Accuracy 
200 pA Range/100pnpA 
2 mA Range/1 mA 

20 mA Range/10 mA 
200 mA Range/100 mA 
2000 mA Range/800 mA 


99.5 to 100.5 pA 
.995 to 1.005 mA 
9.95 to 10.05 mA 
99.5 to 100.5 mA 
793 to 807 mA 


Ohmmeter Accuracy 
20 2 Range/19 2) 
200 () Range/190 {2 

2 kM Range/1.9 kQ 

20 k{2 Range/19 ki? 
200 k{2 Range/190 ki) 
2000 kf. Range/1.9 MQ 
10 MQ Range/10 MQ 


18.81 to 19.20 12 
189.4 to 190.6 {2 
1.894 to 1.906 ki2 
18.94 to 19.06 ki) 
189.4 to 190.6 ki) 
1894 to 1906 k{) 
9.90 to 10.10 M22 


Hewlett-Packard Model 3438A Multimeter 


Performance Test Card 


Test Performed By: 
Multimeter 


Seria lnas «225 te ee es a 


h . . 
Paragrap Test Test Limit: Test Results 
Number 


DC Voltmeter Accuracy 
200 mV Range 
+19 mV 
+50 mV 
-100 mV 
-190 mV 


19.8 to 20.2 mV 
49.8 to 50.3 mV 
-99.7 to -100.3 mV 

-189.6 to -190.4 mV 


2 V Range 

-19V 
-.50 V 
+1V 
+1.9V 


-.189 to -.191 V 
-.499 to -.502 V 
-998 to 1.002 V 

1.897 to 1.903 V 


20 V Range 
+1.9V 
+5. V 
-10 V 
+19 V 


1.89 to 1.91 V 
4.99 to 5.02 V 
-99.8 to -10.02 V 
+18.97 to +19.03 V 


200 V Range 
-19V 
-50 V 
+ 100 V 
+190 V 


-18.9 to -19.1 V 
-49.9 to -50.2 V 
99.8 to 100.2 V 
189.7 to 190.3 V 


1200 V Range 
-190 V 
+500 V 
+1000 V 


-189 to -191 V 
499 to 502 V 
998 to 1002 V 


AC Voltmeter Accuracy 
200 mV Range 

20 mV 30 Hz 

20 mV 50 Hz 

20 mV 20 kHz 

50 mV_ 100 kHz 

50 mV 30Hz 


19.4 to 20.6 mV 
19.6 to 20.4 mV 
19.6 to 20.4 mV 
48.3 to 51.8 mV 
49.0 to 51.1 mV 


200 mV Range 


50mV 20kHz 
100 mV 30 Hz 
100 mV 50 Hz 
100 mV 50 kHz 
19V 30 Hz 


49.6 to 50.5 mV 

98.2 to 101.8 mV 
99.4 to 100.6 mV 
97.5 to 102.5 mV 
186.9 to 193.2 mV 


Performance Test Card (Cont’d) 


Paragraph Test Test Limit Test Results 
Number 


4-10 AC Voltmeter Accuracy (Cont'd) 
2 V Range 

2V 30 Hz 
1.9V 100 kHz 
1V 20 kHz 


.194 to .206 V 
1.862 to 1.939 V 
-994 to 1.006 V 


20 V Range 
2V 
2V 
2V 
2V 
5V 
5V 
19V 
19V 
19 V 


30 Hz 
50 Hz 
200 Hz 
10 kHz 
20 kHz 
50 kHz 
200 Hz 
10 kHz 
100 kHz 


1.94 to 2.06 V 
1.96 to 2.04 V 
1.96 to 2.04 V 
1.96 to 2.04 V 
4.96 to 5.05 V 
4.83 to 5.18 V 
18.91 to 19.09 V 
18.91 to 19.09 V 
18.02 to 19.39 V 


200 V Range 

20V 20 kHz 
100 V 50 Hz 
190 V 30 Hz 


19.6 to 20.4 V 
19.4 to 100.6 V 
186.9 to 193.2 V 


1200 V Range 
190 V 20 kHz 
500 V 30 Hz 
1000 V 10 kHz 


196 to 204 V 
490 to 511 V 
994 to 1006 V 


DC Ammeter Accuracy 
200 wA Range 

10 pA 

50 pA 

100 pA 


9.8 to 10.2unA 
49.7 to 50.4 pA 
99.5 to 100.5 pA 


2 mA Range 
.1mA 
5 mA 
1 mA 


.098 to .102 mA 
.497 to .504 mA 
-995 to 1.005 mA 


20 mA Range 
1 mA 
5 mA 
10 mA 


.98 to 1.02 mA 
4.97 to 5.04 mA 
9.95 to 10.04 mA 


200 mA Range 
10 mA 
50 mA 
100 mA 


9.8 to 10.2 mA 
49.7 to 50.4 mA 
99.5 to 100.5 mA 


2000 mA Range 
100 mA 
500 mA 
800 mA 


97 to 103 mA 
495 to 505 mA 
793 to 807 mA 


Performance Test Card (Cont’d) 


AC Ammeter Accuracy 
200 pA Range 
20 uA 100 Hz 


19.4 to 20.6 pA 


2 mA Range 
.2mA 100 Hz 


.194 to .206 mA 


20 mA Range 
2mA_ 100 Hz 


1.94 to 2.06 mA 


200 mA Range 
20 mA_ 60 Hz 
50 mA_ 60 Hz 
100 mA_ 60 Hz 


19.4 to 20.6 mA 
49.2 to 50.9 mA 
98.7 to 101.3 mA 


2000 mA Range 
200 mA 60 Hz 
500 mA 60 Hz 
1000 mA_ 60 Hz 


194 to 206 mA 
490 to 510 mA 
984 to 1016 mA 


Ohmmeter Accuracy 
*20 4) Range 

to 

109 

190 


90 to 1.11 0 
9.85 to 10.15 1) 
18.81 to 19.20 1) 


*200 {2 Range 
19 
502 
190 0 


18.8 to 19.2 0 
4.97 to 50.3 1) 
189.4 to 190.6 {) 


*2 kQ Range 
190 2 
1kQ 
1.9 kf? 


-188 to .192 kd 
.996 to 1.004 kit 
1.894 to 1.906 k!) 


20 kf Range 
1.9 kn 

5 kQn 

19 kn 


1.88 to 1.92 kO. 
4.97 to 5.03 kN 
18.94 to 19.06 kQ 


200 ki) Range 
19k 
100 kf 
190 kf 


18.8 to 19.2 kM 
99.6 to 100.4 kQ 
189.4 to 190.6 ki) 


*2000 kf2 Range 
190 kf 
500 ki) 
1.9MQ 


188 to 192 kf 
497 to 503 kf) 
1894 to 1906 kf 


“Subtract lead resistance. 


Performance Test Card (Cont'd) 


Paragraph eke 
Test Test Limits Test Results 
Number 


Ohmmeter Accuracy (Cont’d) 


*20 Mf) Range 
1.9MQ 
5 MQ 
10 MQ 


1.86 to 1.94 MQ 
4.94 to 5.06 Mf) 
9.90 to 10.10 M22 


AC Normal-Mode Rejection 


AC Common-Mode Rejection 


“Use shielded test leads. 


% 


Maintenance described herein is performed 
with power supplied to the instrument, and pro- 
tective covers removed. Such maintenance 
should be performed only by service-trained 
personnel who are aware of the hazards in- 
volved (for example, fire and electrical shock). 
Where maintenance can be performed without 
power applied, the power should be removed. 


Instrument Type Required Characteristics 


Section V 
Digital Volt/Ohmmeter 
AC Calibrator 
OC Standard 
Electronic Counter 
Resistor Decade Box 
5-0 


Table 5-1. Test Equipment Required. 


DC Volts: 1 V, 10 V and 100 V range 
Accuracy: + 0.04% 

Input Resistance: 10 MQ 

Ohms: 20 kQ2 

Accuracy: + 0.07% 


Frequency: 20 Hz to 100 kHz 
Output: 1mV to 100 V 
Accuracy (mid band): + 0.1% 


Output: 1mV to 1000 V 
Accuracy: + 0.02% 


Frequency: 50 and 60 Hz 
Accuracy: + 0.01% 


1 2, 10 22, 100 2, 1 kQ, 10 k£2, 100 k22 
and 1 MQ steps 
Accuracy: + 0.005% 


Recommended Model 


-hp- 3465A Multimeter 


-hp- 745A 


-hp- 740B 
-hp- 5300A/5302A 


General Radio 
Mdl GR 1433-H 


Model 3438A 


( 


\ 
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SECTION V 
ADJUSTMENT PROCEDURES 


5-1. INTRODUCTION. 


5-2. This section of the manual contains Pre-Adjustment 
and Adjustment Procedures. 


5-3. EQUIPMENT REQUIRED. 


5-4. The Test Equipment required for these Adjustment 
Procedures is listed in Table 5-1. Equipment that satisfies 
the critical specifications given in the table may be 
substituted for a recommended model. 


5-5. ADJUSTMENT INTERVAL. 


5-6. Adjustment Procedures should be performed at 
least once every year to ensure proper calibration of the 


Multimeter. 
WARNING 


These Adjustment Procedures are for use by 
qualified personnel only. To avoid electrical 
shock, do not perform any servicing other 
than that contained in the operating 
instructions or Performance Tests unless you 
are qualified to do so. 


Wear clean cotton gloves when working on 
the circuit boards or switches. Contamination 
of fingerprints on high impedance points will 
degrade the performance of the instrument. 
Nylon gloves should not be worn due to the 
possibility of static charge buildup. 


The hybrid circuits in the Multimeter may be 
permanently damaged by static discharge 
from a hand or tool when the Multimeter is 
disassembled. The procedures below must be 
followed to prevent possible damage. 


1. Ground the hand while disassembling 
and working on the Multimeter. Conductive 
wristbands (-hp- Part No. 00970-67900) are 
available for this purpose. 


2. Attach the Multimeter COM terminal 
to earth ground. Touch all tools to earth 
ground to remove static charges before using 
them on the Multimeter. 


3. Use asoldering iron with a grounded tip. 


5-7. PRE-ADJUSTMENT PROCEDURES. 
5-8. Disassembly Instructions: 
a. Disconnect the Multimeter Power Cord. 


b. Remove two top cover fastening screws (back 
panel) and remove top cover. 


c. Remove five A3 shield mounting screws (back 
panel). This will allow the A3 PC and shield assembly 
(HP-IB) to slide forward % of an inch. 

d. Disconnect W5 from the A3 PC assembly. W5 isa 
green, yellow, orange, red, brown cable connecting A3 to 
A2 (display). 

e. Remove the A3 PC and shield assembly by sliding 
the assembly forward and upward. With the Multimeter 
front panel facing you, place the A3 PC and shield 
assembly to the right side of the Multimeter. 

f. Re-connect W5 to the A3 PC assembly. 


g. All adjustments can be made without removing the 
internal Al shield. 


5-9. Test Point and Adjustment Locations. 
5-10. Fold out and refer to Figure 5-4. Adjustment 
Locator for the remainder of this procedure. The 
Adjustment Locator shows Test Points, Test Jumpers, 
Adjustment and Connector locations. 
NOTE 

The Multimeter should warm up for 15 

minutes before performing the Adjustment 

Procedure. 


5-11. ADJUSTMENT PROCEDURE. 


5-12. Adjustments should be made in the following 
sequence: 


C)A +7 V Power Supply Adjustment (R417). 
a) B  U725 Back Gate Bias Adjustment (R603). 
(2) 10 kHz Clock Frequency Adjustment (R9). 
(3) AC Zero Adjustment (R203). 

@) 20 © Range Zero Adjustment (R111). 
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DC Gain Adjustment (R403). 
OHMS Gain Adjustment (R119). 
AC Gain Adjustment (R123). 


2 V ac Range 20 kHz Adjustment (R110). 


® 
© 
@ 
(8) 20 V ac Range, 20 kHz Adjustment (R102). 
© 
@) 


(10) 20 V ac Range 100 kHz Adjustment (C109). 


a. Placedc DVM probe tip onthe +7 V test pad or + 
end of C407. 


b. Adjust R417 for adc DVM reading of +7 +0.01 
volts (6.99 to 7.01 volts). 


c. Check the power supply voltages listed in Table 5-2 
to verify the tolerances indicated. 


Table 5-2. Power Supply Voltage Checks. 


Power Supply Voltage 


-7V -6.9 to -7.1 V 


-2 V (V SUB) 
+ 6.5 (V DISP) 
+9V(VD) 
+5 V (Vc) 


-1.9to2.1V 
6.18 to 6.83 V 
8.55 to 9.45 V 
4.75 to 5.25 V 


5-14. 
(R603). 


B U725 Back Gate Bias Adjustment 
a. Connect a de Digital Voltmeter (DVM) to JMVB 
(A3 PC assembly). 


b. Adjust R603 for a dc DVM reading equal to the 
voltage stamped on A3U725. 


NOTE 


The voltage stamped on A3U725 will be 
within the limits of —2 V de to —5 V de. 


DC STANDARD 
hp 740B 


Model 3438A é 
ode K 


a) 
‘ 


5-15. (2) Clock Frequency Adjustment (R9). 

a. Connect a 10 MQ. (10:1 divider) oscilloscope probe 
from the 5300A/5302A frequency counter input to JM2 
on the Multimeter Al PC assembly. 


b. Adjust R9 for a frequency counter reading of 9980 
Hz to 10020 Hz (10 kHz + .2%). 


5-16. (3) AC Zero Adjustment (R203). 
a. Set the Multimeter to ac V, 20 V range. 
b. Connect a short across the V/Q to COM terminals. 


c. Adjust R203 for a Multimeter display reading of 
0.00 V.”’ 


5-17. (4) 20 Ohms Zero Adjustment (R111). 
a. Set the Multimeter to ac V 200 V range. 


b. Connect a short across the V/M to COM terminals. 
NOTE 


Use a low resistance short comprised of heavy 
copper wire soldered across a double banana 
connector. 


c. Adjust R111 for a Multimeter display reading of c 
00.0 ohms. 


5-18. (5) DC Gain Adjustment (R403). 
a. Set the Multimeter to dc V, 20 V range. 


b. Set the 740B dc standard as follows: 


Function Std 
Range 100 V 
Output voltage 19.000 (V) 


c. Connect the 740B output tothe Multimeter input as 
shown in Figure 5-1. 


d. Adjust R403 for a Multimeter display reading of 
19.00 V. 


MULTIMETER 
hp 3438A 


go0000 ooo00000 ° 


3435-B-4657 


Figure 5-1. DC Gain Adjustment. f™ 
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5-19. (6) Ohms Gain Adjustment (R119). 
a. Set the Multimeter to kf., 20 kO range. 


b. Set the GR 1433H Decade Resistor to 19 kf. and 
connect it across the V/() to COM terminals. 


c. Adjust R119 for a Multimeter display reading of 
19.00 kf). 


5-20. (1) AC Gain Adjustment (R123). 
a. Set the Multimeter to ac V, 20 V range. 
b. Set the 745A AC Calibrator as follows: 

200 Hz 


100 V 
19.0000 V (ac) 


Frequency 
Voltage range 
Output voltage 


c. Connect the 745A to the Multimeter as shown in 
Figure 5-2. 


d. Adjust R123 for a Multimeter display reading of 
19.00 V. 


5-21. 20 V Range, 20 kHz Adjustment 
(R102). 


a. Set the Multimeter to ac V, 20 V range. 
b. Set the 745A AC Calibrator as follows: 
20 kHz 


100 V 
19.0000 V (ac) 


Frequency 
Voltage range 
Output voltage 


MULTIMETER 
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c. Connect the 745A to the Multimeter as shown in 
Figure 5-2. 


d. Adjust R102 for a Multimeter display reading of 
19.00 V. 
5-22. (9) 2 V Range, 20 kHz Adjustment (R110). 
a. Set the 745A AC Calibrator as follows: 
Frequency 20 kHz 
Voltage range 10 V 
Output voltage 1.90000 V (ac) 


b. Set the Multimeter to ac V, 2 V range. 


c. Connect the 745A to the Multimeter as shown in 
Figure 5-2. 


d. Adjust R110 for a Multimeter display reading of 
1.900 V. 
5-23. (10) 20 V ac Range, 100 kHz Adjustment 
(C109). 

a. Set the Multimeter to ac V, 20 V range. 

b. Set the 745A AC Calibrator as follows: 
100 kHz 


100 V 
19.0000 V (ac) 


Frequency 
Voltage range 
Output voltage 


c. Connect the 745A to the Multimeter as shown in 
Figure 5-2. 


d. Adjust C109 for a Multimeter display reading of 
19.00 V. 


AC CALIBRATOR 
hp 745A 


3435-8-4619 


Figure 5-2. AC Gain Adjustment. 
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5-24. POWER REQUIREMENT MODIFICA- 
TION INSTRUCTIONS. 


5-25. There are four different line voltage configurations 
available for the Multimeter. To change line voltage 
requirements, arrange resistors R421 through R425 to 


accomodate the desired line voltageas shownin Figure 5-3. 


NOTE 


A jumper (short) may be substituted for the 
2.7 ohm resistors (R421- R425). 


~LINE CONNECTIONS 


° 80 
104-l27~V 208-250 ~V 


RESISTORS ARE LOCATED 
NEAR ~RECEPTACLE 


Figure 5-3. Line Voltage Configurations. 
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03438-66503 
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Figure 5-4. Adjustment Locator. 
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+9 


AODRESS g 
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@ 
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CLOCK ADJ. 
(USE 10 MQ. 
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Aegina i Say ie 
ames See 


Oo) @B Vac ADJ 
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TEST PADS 
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03438-66503 


3436A-B 


+7 
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03438-6650! 


Figure 5-4. Adjustment Locator. 
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6-1. INTRODUCTION. 


SECTION VI 
REPLACEABLE PARTS 


6-2. This section contains information for ordering replace- 
ment parts. Table 6-3 lists parts in alphameric order of their 
reference designators and indicates the description, -hp- 
Part Number of each part, together with any applicable 
notes, and provides the following: 


a. Total quantity used in the instrument (Qty column). 
The total quantity of a part is given the first time the part 
number appears. 


b. Description of the part. (See list of abbreviations in 


Table 6-1.) 


c. Typical manufacturer of the part is a five-digit code. 


(See Table 6-2 for list of manufacturers.) 


d. Manufacturer’s part number. 


6-3. Miscellaneous parts are listed in Table 6-3 following 
their respective assemblies. General miscellaneous parts are 
listed at the conclusion of Table 6-3. 


6-4. ORDERING INFORMATION. 


6-5. To obtain replacement parts, address order or inquiry 
to your local Hewlett-Packard Field Office. (See Appendix 
A for list of office locations.) Identify parts by their 
Hewlett-Packard part numbers. Include instrument model 
and serial numbers. 


silver 

. aluminum 
....ampere(s) 
... gold 


capacitor 
ceramic 

. coefficient 
. common 
composition 
. connection 


: . deposited 
double-pole double-throw 
double-pole single-throw 


electrolytic 
. encapsulated 


Kime farad(s) 
. field effect transistor 
.. fixed 


. gallium arsenide 
gigahertz « 10¢9 hertz 
guard(ed) 
...germanium 

. .ground(ed) 


henry (ies) 
mercury 


. assembly 

motor 

battery 

capacitor 

diode 

delay line 

lamp 

misc electronic part 
fuse 


6-6. 
6-7. 


6-9. Components which have been changed are so 1 


NON-LISTED PARTS. 


Instrument model number. 
Instrument serial number. 


Description of the part. 


To obtain a part that is not listed, include: 


Function and location of the part. 


PARTS CHANGES. 


Section VI 


Lael 
NarKrea 


by one of three symbols; i.c., A, A with a letter subscript, 
e.g., Aj, or A with a number subscript, e.g., Ay 5. A Awith 
no subscript indicates the component listed is the preferred 
replacement for an earlier component. A A with a letter 
subscript indicates a change which is explained in a note at 
the bottom of the page. A A with a number subscript 


indicates the related change is discussed in backdatin 
(Section VIII). The number of the subscript indicates th 


7 
2 


number of the change in backdating which should be 
referred to. 


6-10. PROPRIETARY PARTS. 


6-11. Items marked by a dagger (+) in the reference 


designator column are available only for repair and 


of Hewlett-Packard instruments. 


Table 6-1. Standard Abbreviations. 


ABBREVIATIONS 


. hertz leycle(s) per second) NPO 
...inside diameter ns . 
impregnated nsr 
incandescent 
..insulation(ed) 92 . 
obd 
kilohm(s) = 10*3 ohms = O00. 
kilohertz = 10°3 hertz 
.) 
. inductor pA 
«sss .,linear taper pe . 
. logarithmic taper = pF 
piv. 
milliampere(s) = 103 amperes p/o 
megahertz = 10*S hertz pos 
megohmis) - 10*6 ohms poly 
metal film pot 
manufacturer pp 
millisecond =ppm 
‘i mognting prec 
millivolt(s) = 10° volts 
+. Microfarad(s) 
microsecond(s) 
microvalt(s) = 10°6 volts AN 
Myler@) ms 
rot 
nanoampere(s) « 10 9 amperes 
normally closed = Se 
neon = wect 
normally open St 
DESIGNATORS 
liter O 
heater QCR 
integrated curcut «=R 
yack | OAT 
telay S 
inducter =T 
meter TB 
mechameal part 3 3=TC 
plug TP 


. Negative positive zero 
{zero temperature coefficvent) 
nanozecond(s) « 10°9 seconds 

Not weparately replaceable 


ohmis) 
order by Gescription 
outside ciometer 


peak 

picoampere(s) 

: . printed crrewit 
.picofaradts) 10°12 farads 

peak inverse voltage 

port of 

postion(s) 

potys: 

potentiometer 

Peek to peak 

parts per million 

preeiuon (temperature coeffient, 
long term stability and/or tolerance) 


tewstor 
chodium 

(cot mean “juare 
rotary 


transistor 
tranwstor <hode 
reustor 
thermistor 
Seertch 
transformer 
ternal board 
thermocouple 
test poet 


service 


a dae 
SPOT urge pole doubdie throw 
SPST unge pole single throw 
Ta 
Te 
T:02 
tog 
tol 
tim 
TSTR 
v 
vocw 
var 
vdcw 
| 
w | 
w | 
were working mverat voltege | 
wio without | 
wwe woetewound | 
| 
ni opt bot wlected at factory 
sect age vay Dart may be orrutted) | 
ee NO vtandard type number agreed | 
lected of seca! type | 
| 
® Dupont de Nemours 
TS ermnal site 
u fect sat 
v vacuum tube neon bulb photocell etc 
w aoe 
x woe 
xO0S erpholder 
ME Seoul 
¥ aon 
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Mfr. 
No. 


Table 6-2. Code List of Manufacturers. 


Invalid Supplier Code 


Holsworthy Electronics LTD 


Allen-Bradley Co 


Texas Instr. Inc. Semicond. Cmpnt. Div. 


RCL Electronics Inc 
KDI Pyrofilm Corp, 


Motorola Semiconductor Products 
Airco Speer Elek Div Air Rdcn Co 
Fairchild Semiconductor Div 


Airco Electronics 
CTS Keene Inc 


General Instr Corp Semicond Prod Gp 


Belden Corp 
Signetics Corp 
Mepco/Electra Corp 


Corning Glass Works (Bradford) 
National Semiconductor Corp 


HP Div 00 Corporate 


Advanced Micro Devices Inc 


Sprague Electric Co 


Electro Motive Corp Sub IEC 
Beckman Instruments Inc Helipot Div 


Johnson E F Co 
Dale Electronics Inc 
Sealectro Corp 


Holsworthy Engl, ND 
Milwaukee, WI 
Dallas, TX 
Manchester, NH 
Whippany, NJ 
Phoenix, AZ 
Nogales, AZ 
Mountain View, CA 
Bradford, PA 
Paso Robles, CA 
Wicksville, NY 
Richmond, IN 
Sunnyvale, CA 
Mineral Wells, TX 
Bradford, PA 
Santa Clara, CA 
Palo Alto, CA 
Sunnyvale, CA 
North Adams, MA 
Willimantic, CT 
Fullerton, CA 
Waseca, MN 
Columbus, NE 
Mamaroneck, NY 


Model 3438A 


e 
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Table 6-3. Replaceable Parts 


Reference ies 
Designation Description 


A1C205 


410000 
AICGO4 
A1CG02 
AIc4ao3 
AICGQG 


A1Ca05 
A1C406 
A1cao7 
ALCG08 
ALCG09 


AICGLO 


ALOR 

AICRIOO 
AICRIOL 
ALCRLO2 
AICAIO3 


AICRIOG 
AICRIOS 
AICRI07 
AICRIO8 
ALCRAL0 


AICRLLY 
AICR200 
AICR205 
ALCR202 
AICR203 


AICRGOO 
AICRGOL 
ALCRGQ2 
AICRAOS 
AICR407,408 
AICRaGG 


AICRUOS 
ALCRUO6 


AlJ2 

A1J401 
A1s402 
A1J403 
A1P2 

A1P401 
A1IP402 
A1P403 


03438-66511 Pc ABSEMBLY, MAIN 


015020012 
01602384 
016000378 
015000044 
0150¢0012 


0150"0012 
016004018 
016060336 
019000234 
016080336 


016022197 
016000153 
016003847 
012100451 
016002197 


0140001405 
01600309 
018020309 
016000291 
0150000404 


015000004 
016003807 
0160=83807 
018000291 
018060116 


015000012 
016020168 
015020000 
015060044 
017000038 


016002055 
016002651 
016003807 
018002630 
016003807 


016082638 
014000198 
016000491 
016000362 
018000294 


016080228 


190120000 
19060096 

1901=0376 
190100376 
1901=0040 


1901080000 
190120029 
190120000 
190260554 
1901=0535 


190100535 
1901-0040 
1901800480 
190120080 
190120080 


190261329 
1901-20029 
190120029 
190180029 
1901-0050 

190120029 


1901-0029 


1901=0029 
1901=00350 
03438-61601 
9100-4011 
9100-4011 
03438-61604 
1251-5064 
1251~4958 
1251-4624 
1251-5063 


CAPACITOR@FXO ,OLUF 20% IKVOC CER 
CAPACTTORGFXO 120PF oe3¥ SO0VOC 
CAPACITOReFXD 27PF #05 So0VOC 
CAPACITOR=@FXD SOOOPF #10000% SOOVDC CER 
CAPACITORGPXD ,OLUF ee20% IKVOC CER 


CAPACITOR@FXD ,OLUF oe20% IKVOC CER 

CAPACITOReFXO 22PF #=SX SOOVOC+1254000 
CAPACITOR@FXO L00PF sel JOOVOC MICA0+70 
CAPACITORGFXD SOOPF eeiX JOOVOC MICA0%T70 


CAPACTTOR@PXD SO0OPF oulX JOOVDC MICA0070 


CAPACITOR@PXD 10PF oeSx S00VOC 
CAPACITOR@PXD JOOOPF oa10% 200VDC POLYE 
CAPACITOR=PXO ,O1UF #10000% SOVOC CER 
CAPACITOR|aV TRMRSAIR [,7o{iPF 250V 
CAPACTTOR@FXO JOPF 03% JO0VOC 


CAPACTTORSFXD 22PF oaS% SOOVOC 
CAPACITOR@PXD G,7UFee20. 3SVOC TA 
CAPACITOR@FXD G,7UF4=20, I5VOC TA 
CAPACITORSFXD {UF e=j0% 35VOC TA 
CAPACTTORG@FXD S,OPF oe3x SOOVOE TI OLOX 


CAPACITOR@FXD S,6PF 053% SOOVOC TI OLOX 
CAPACITORNGPXD ,OLUF o10000% SOVOC CER 
CAPACITOR@FXD ,O1UF 1000e0% SOVDC CER 
CAPACITORG@FXO SUF eofOX JSVOC TA 
CAPACITOR=FXO 6, 8UFem{0% S5VOC TA 


CAPACITORGFKD ,OLUF @e20K 1KVOC CER 
CAPACITOR@FXD ,JUP #10 200VOC POLYE 
CAPACITOR@FXO 5S,OPF eS SOOVOC TI OLOX 
CAPACTTOR@FXO S,6PF oa$% SO0VOC TI OIOX 
CAPACITOR®FXD ,22UF oef0% 200VDC POLYE 


CAPACITOR@FXD ,OLUF #80—20% L00VOC CER 
CAPACITOR@FXO G70UF¢7S=i0x 16VOC AL 
CAPACITTORGFXD ,OLUP #10000% SOVOC CER 
CAPACTTORGFXO 220UF47Se10% JSVOC AL 
CAPACITORGPXD ,OLUF o10000% SOVOS CER 


CAPACITOR@FXO 220UF¢7S5e10K 35VOC AL 
CAPACITOR@FXD 200PF 403% 3OOVOS HICA 
CAPACITOR@FXD LUFPMeL0X JSVOC TA 
CAPACITOR@FXO SLOPP oeSX JOOVOS MICAOeTO 
CAPACITOR@FXO LUPSelOX JSVOC TA 


CAPACITOR@FXD 22UFem{OX JSVOC TA 


DJOCE@BHITCHING JOV SOMA 2N8 DO=35 
OFODE=FW BROG 200 1,84 

DIODE=SEN PRP JSV SOMA 0007 
DYODE=GEN PRP SSV SOMA OOe? ~ 
DIODE@SWITCHING SOV SOMA 2NB 0003S 


OYODEeSHITCHING SOy SOMA ANS 0003S 
DIODE=PHKR RECT 600¥ 750MA DOmad 
OZODL@SWITCKING SOV SOMA 2NB8 00835 
OTODEZNR {OV SX OOe{5 POsiw Tome, Cox 
OLODE@SCHOTTKY 


DIODEsSCHOTTKY 

OJODESBNITCHING SOV SOMA 2NB OO0035 
DIODESANITCHING SOV SOMA 2NS DOuJS 
DIODE@SWHITCHING SOV SOMA 2NS DO~3S 
OTODESSNITCHING SOY SOMA 2NS D0e3S 


DIODE-ZNR 6.95V 

OTOOF SPAR RECT GOOV TSOMA DOe29 
OYODE@PHR RECT 600Y 7SOMA DOW02d 
DIODE=PHR RECT bO0V 7T5OMA DO~29 
DIODE-SWITCHING 80V 200MA 2N8 DO-7 
DIODE@PWR RECT BO0CV 7SOMA DO"29 


DIODE=PHR RECT B0OV 7SOMA 00029 


DJODEePAR RECT BO0V TSOMA D0829 
DIODESAWITCHING BOY 200HA 2NS O00? 
14 PIN FEMALE CONNECTOR; P OWS 

5 PIN FEMALE CONNECTOR, POTI 

G PIN FEMALE CONNECTOR, P.OTi 

G PIN FEMALE CONNECTOR: P/O W2 PIN 2 BLANK 
14 PIN MALE CONNECTOR (DISPLAY 

5 PIN MALE CONNECTOR (71 PAIN 

G6 PIN MALE CONNECTOR ND/ 
G PIN MALE CONNECTOR 1 O) PIN 2C 


COPALOZILOSMSIS 
et So 
OLgoec378 
giadeols 


COQUALOZIIOI¥SsE 


COPTALORIECSHOTE 
OLecwdates 
OL ped33b 
OMySFSOUFOSOGRVIC 
O1g0e033e 


OLg0e2597 
2dQPLC292 
615003847 
1870108005 
O1g=2s97 


Mi SCRIOIOSOOMVICR 
1990479x 1042 
AS90978 i042 
ASQOLCSXOOTSAZ 
TYeE JM 


Type JM 
O1g0e38a7 
Oia003847 
{SqOLCSX9O3SA2 
L35oOeSSK9C3S82 


COgUALCATios“gys 
ZdQPLCEMD 

TYs£ JM 

TYpL JM 
oL7O=0G38 


Olgoeadss 
SOgDGCTHOL ODF? 
019093867 
SOgOaaTHOSSOFT 
O1g0"3887 


SQgDa2THOSSONT 

OM SFAOLODSOMVICR 
LSSDLOSXOCSSAR 
Olecetdso2 
LUQOLOSX9OSSAZ 


pSgdzVexdor sae 


L9pledoad 


1906-0096 

L9gledsTe 
9abedsTo 
19gladode 


LVpLadgao 
pga 

19g teoeae 
$9g2=0556 
£9oi=0S35 


199100535 
19g asoso 
19pledoss 
L9oletgso 


L9abedoee 


1% 2ei328 
wee 
wp gts 
upads 
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Table 6-3. Replaceable Parts (Cont'd). 


HP Part 
Number 


Reference 
Designation 


Mfr 
Code 


Description Mfr Part Number 


AIG! $85Gn007) TRANSISTOR NPN PDBSOOMN FTEZO0OMHZ 18540071 
Aig2 {8SeedO7] TRANSISTOR NPN SI PDw300YW FTMZ200MHZ 165400071 
ALos LOS3=00L6 TRANSISTOR PNP SI TOe92 POR3J0OMW 1865320016 
Ayoe LeSSeOOle TRANBISTOR PNP 8Y TO#92 PDE3}00MW 1853=0016 
A\Gs LOSdeooie TRANSISTOR PNP SY TOe92 POR}00MW 1853-0016 


ALGe 18S3"0016 TRANBISTOR PNP T0092 POBSOOMW 189320016 
AGI? LeSeelOo7} TRANSISTOR NPN 81 PDS3SOOMH FTB200MHZ 183420071 
Ayes LeSeeOoTt TRANSISTOR NPN $Y POBSOOMM FTBROOKHZ 1694920074 
AYGiOL $@56=20079 TRANSISTOR NPN 2N3G39% BI TOeS POBiN angas9 

Aiecos 1O5a—S071 TRANBISTOR NPN BY POSSOOMA FPTBZ00MHZ 1694°0071 


ALoeor 
AYGeOs 


185600539 


TRANSISTOR NPN 2N3OSS8 81 TO#39 PowiW 
1683-0012 


2N30353 
TRANSISTOR PNP 2N290GA SI TO#39 PDOBROOMW 


2N29044 


AIRY Cb9beBTb7 REBISTOR 200K Sx ,25w CC TCBeB007e%00 652045 
AYR? OO98eB7b7 RESISTOR BOOK SX ,25w CC TCB=80079900 82008 
AIRS ObBSeS735 REBISTOR OTK SX ,25W PC TCeHG0074800 89735 
AIRG: Cbbseh735 RESTBTOR QIK SX ,25w FC TCe~G00se800 C89735 
AIRS Obesulors RESISTOR 1K Sk ,25" FC TC m=2800/4800 coy02as 


AIRO Obbs=1025 RESIBTOR 1K SX ,25n FC TOm=G0074600 e8y0as 


AYRT RESISTOR 1K Sx ,25W FC TCm0000/4600 cbyoas 

AIRS 5 REBIGTOR 1GOK 1x yi2SH F TCe0e%100 COn1/BaT 001 G0SaPF 
ALRG 21005309% REQISTORSTRHR 100K 10% C BIOEeADY 17eTRN 89pRIOOK 

AIR10 CbbS=S115 RESISTOR SiO SX ,25w FC TCoB2G00/4600 casiis 


ASR ObbseS115 RESISTOR aa5h 708280079600 cosiis 
ARIR 0683=5115 REGIBTOR Si0 SX ,25W FC 1C802000/0600 cagiis 
AIRI ObbseS115 REBISTOR Sid SX ,25W FC TCHHG00/4600 cbgiis 
AIRIG 068302035 RESYSTOR 20K SX ,23K FC TCu2G00/4800 82035 
AIRS Ob83=2035 RESISTOR 20K SX ,2SW FC TCm2400/4800 ¢€B2035 
ALRIG 0683=2038 RESISTOR 7¢02000/+800 ¢82035 
AIRSY 0683=2035 REGISTOR 20K SX ,25W FC TCH=G00/4800 c82035 
AIR2O 078720837 RESISTOR G,73x 1X ,125W F TCB0e=100 COal/BuTOCU7S {oP 
AIR100 Ob96aBT17 REGIBTOR 4,78m 1X IW F TCBOeeSO pue708 
AIRIOL 075720037 AEOTSTOR G,78K 1% ,125m F TE0ee100 COel/baTOad7Si oF 


AIRiO2 210000558 RESTOTOR=TRMR 2OK 10% C TOP@ADJ LeTRN 7821090 

AIRLOS OOUbaBT ib RESISTOR BM ,SX 2M F TCmOeeS0 ep 730 

AIRI06 0683=1065 RESISTOR 10M 3X ,25W FC 1C6ue900/491100 ¢By008 

AIRIO7 Obb3=0275 REBIETOR 2,7 SK ,25N FC TEBH80074500 caa7cs 

AIRIO8 PERL ELSS 3) RESTBTOR S99 1X ,125H F YoeOee!00 COn1/BoT0e099RF 


AIRIOS 96980202 RESTSTOR B,87K 1X ,125W F TOHOee100 Chel /boT0ebb7 iP 
AIRAS9 2100e3211 REBJETOR=TRMR 1K 10K C TOP=ADJ 1eTRN 720105=0 
AIRS 210003566 REGISTOR@TRYR 100K 10% C TOP@ADY 18eTRN OBWwRIOOK 
\AURGa2 O7S7eOS72 REGIBTOR 2OOK 1X ,ia5K F TCwOee100 COnl/BuT0e2003aP 
Ril} O75 70810 REBTSTOR JOl 1X ,125N F TCBOeH100 COnS/BoT0a3S0iRoPF 
Risa O7S7eOh73 REBIGTOR 221K Sx ,125H F TCHOee100 Cal /BaTOez21{ Sok 
Riis 6983159 AEOISTOR RO,IK 1K ,125WK F TCB0%e100 COnl/BoT0m2b1 BaF 
Rite D698 aB767 RESISTOR 200K Sx ,25h CC 1C8H60074900 CB2005 
JALLT 0757=0037 REBIBYOR &,75K 1X ,1235n F TCH#0ee100 CGai/BolOe07S5{ oF 
IRi18 OO9baA TOR ALBIBTOR 100 5X ,25n CC TC#HG00/4500 ca101s 
ALRI19 210003210 REBISTOR@TRYR 10K 10% C TOPSADJ 1eTRN 72210820 
AIAL20 Oo9badas REGIOTOR 23,2K 1X ,125W F ToR0+e100 COnl/beTOe2322=F 
| AiRi2ag O757m 049 REGIBTOR 20K 1% ,125m" F TCROe@w100 COL /BeTOm20020F 
AYRi2ae Ob e360 RESIBTOR 31,6K 1k ,125" F TCB0eef00 Cay /baT0eS1b20F 
ASRI23 2100-3211 REBIOTOR@TRMR 1k {OX C TOPeADJ 1eTRN 72—-105-0 


Aini2a 


06980879 RESISTOR 14K 1% ,1a25n F TCHOe#100 COnS/BeTOeLUO2aF 


ALRL2S 075700473 REBIGTOR BBiK 1X ,iBEW F TCBOFHIO0 CGul/OeTOm221 Sor 
AIRI26 CbbI~1055 REGIBTOR 14 SX ,25W FC TCm=800/4900 C8055 

ASRS27 OTST e0ka9 REBIGTOR 20K 4X ,125nN F TCBOe@100 CGnl/BeT020020F 
AYRS28 075720009 REBISTOR 20K 1K ,125W PF TORO¢=100 COas/BeT0m20020F 


AIRi29 O7S7s028) RESISTOR 2K ix ,IRSw F TCmOewl00 CUai/BoTOe200L oF 
AIRISO O757=—0283 REBIBTOR 2K 1% {25H F TCm0en100 CUpt/BeTOe2001 oF 
AIRI3) Ob96 8765 RESISTOR 100 5X ,25W CC TOm=000/4500 CByO1s 

ASRIT2 O757e0au2 RESISTOR 10K 1% ,125W F TCHOs"100 Cal sbaTOul00aoF 
Aym203 075720610 RESISTOR 3O1 1% ,125w F TO#0e=100 COnI/BoTOSSOI AMF 


ALR202 0737=0472 MESTETOR 200K 1% 125m F TCe0ee100 


CGe1/8=T0" 2003-F 


AGR203 210003218 REGIBTOASTRMR {OOK 10K C TOPeADJ {=TRN T2ei12=0 

A{R208 ObTbeki23 RESTETOR G99 4x ,$25N F TCHOee100 COL /baeTOeUOIRaF 
41R205 O7TS7e0G72 MEBIBTOR 200K {xX {25m F TCm04~100 Chal /BaTOa2003=F 
ALR2OG Obbs=1025 REBIBTOR 1K SX ,25w FC TOe=U00/4600 cajoas 


AUR207 OTST=0472 RESTETOR 200K 1X 4125 F TCOe=100 COnr/B-TO20030F 


ALR2O6 O7$T60009 REBIBTOR 20K 1X ,12SW F TCBOee100 CGal/BaT0e2002aF 
ALR209 078720270 REBISTOR 269K SX ,{25n F TCBOe=100 COnL/Bu T0209 SaF 
ASR210 ObGRasTED MEBIETOR G9,7K ,1% 5K F TCB0+eS0 H2 

Aymaiys O69 E356 APOIBTOR SOOK 41k ,25m F TCwde=S0 MPB2C1/UeT2S500308 
AIRGOS Ob9BetkT2 RESISTOR 7,66K 1X ,S25w F TCHO+e100 Cael /B=TOe7 HBS oF 
ALREO2 ObGRab bbs REBISTOR Lo,2K 1X ,125W F TCedse2S NESS 

Aimuoy 2100-3056 RESIBTCReTRMR SK 10X C BIDEmADJ 17eTRN 89PRSK 

A{Reoa Ob9baTbEb PEETBTOR Si,6K {% ,125R F TOmOte2s MF GCIi/BeT9m3{o2eF 


A{RGOS 069B8e35u0 APSTBTOR 15,uK 1% ,125H F TOw0e~100 Cael /b=T091SudurF 
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Table 6-3. Replaceable Parts (Cont'd). 


Reference ote 
Designation Description Mfr Part Number 


AIRG06 075720459 REBIBTOR Sb,2Kk 1% 125m F TCHO%e100 Cool /BeTOeShZzar 
AyRao? 0609803159 RESIBTOR 2oeiK 1% 125" F TCe0e~100 CGnl/beTOe2b1 297 
AYRGO8 069608766 RESISTOR 100 SX ,25m CC TCe0800/4500 cayo1s 

AYASIO 0698e3332 RESTBTOR 60,6 1% ,5h F TCH0e~100 C¥rebSa2 


AyRait 075700449 REBIBTOR 20K 1% ,125W F TOB0ee100 Coal /BaTOe20Oaer 
AYRQI2 0757004409 RESISTOR 20K 1% ,125W F TCB0e"100 Chai /baTOe2002eF 
AYROSS 069804842 REBIGTOM 120 1% ,5n F TCB0ee100 CreeS=2 
AYRGSG 075700437 REBTSTOR 4,75 1% ,125K F TC8060100 Cel /bat Oud ISioF 
AURGLS 075720283 REBIBTOR 2K 1% ,125m F TCede~l00 Cool /BoTOe200L oF 
A{RQ16 0739700058 REBTOTOR Si,ik 1% ,125m F TCH0%e100 Cal /8oTOeSi Laer 
AURQL7 2100063210 RESISTORSTREMR LOK 10% C TOPeADS LeTRN 72010800 
AIRGLB 0696020502 REBISTOR 64,9K 1% ,125W F TOB0e0100 Coal /baTOehad2or 
AYRa9 069603279 REBIBTOR G,99K 1% ,125" F TC80%0100 COs /buTOecdt oF 
Ayna2y 066320275 REBIBTOR 2,7 SX ,25W FC TC#0G00/4800 82765 
A{RG22 068300275 REBTBTOR Sk ,25n" 7C#2G00/4500 82705 
ALRG2y 066320275 RESTBTOR 5% ,25" TC#2G00/9800 82765 
AyRa2za 068320275 RESTSTOR Sx ,asn 708000076500 ¢82765 
AYRG25 0686320275 RESISTOR SX 25" 768000070500 C82765 
AIASOL 069609053 RESISTOR oiX ,125" F TCa0eeS0 PMESS Toda0AeS 
AYAS02 0698a5056 RESISTOR oiS ,125W F TC80e0e50 nCaS 
AIRSOS OBL193033 REBISTOR 9 1k JW PM TCH0=50 T2n279 
AIR50Q 081303455 REBIBTOR ,9 41% GN PW TCB0oe90 13 
AYRSOS O81 lo3435 RESTSTOR 41 gi 3J¥ PW TEM0o=80 Taa979 
AIS! 3101-2129 PUSHBUTTON SWITCH (PUSH—PUSH) 3101-2129 
A1S2 3101-2130 PUSHBUTTON SWITCH 3101-2130 
A1S3-S5 3101-2128 PUSHBUTTON SWITCH 3101-2128 
A1S6 3101-2127 PUSHBUTTON SWITCH 3101-2127 
A1S7-S11 3101-2130 PUSHBUTTON SWITCH 3101-2130 
AIS12 3101-2128 PUSHBUTTON SWITCH 3101-2128 
A1S13 3101~2130 PUSHBUTTON SWITCH 3101-2130 
AIS14 3101-2128 PUSHBUTTON SWITCH 3101-2138 
A1S1 THRU S14 03438-61901 COMPLETE SWITCH ASSEMBLY WITH FLYING LEADS 03438-61901 

ATTACHED 
Alul 1826-0340 IC OP AMP 1826-0340 
A1U2 1826-0043 IC OP AMP UM307H 
A1U3 — U6 1820-0223 IC 301 OP AMP LM301A 
- AlU7 — U9 1826-0043 Ic OP AMP UM307H 
" A1U10 1820-0196 IC 723 V RGLTR 723HC 
AIUI1 1813-0070 INPUT HYBRID 1813-0070 


AlU12 1813-0071 INTEGRATOR HYBRID 1813-0071 
A1U13 1820-1742 CONTROL CHIP 1820-1742 
AlU14 1820-2254 IC OAVR TTL LED DRVR HEX 1820-2254 
A1U15 1820-2254 (IC ORVR TTL LED ORVR HEX 1820-2254 
AW 03435-61603 CABLE -+5V 03435-61603 


Al MISCELLANEOUS PARTS 


0370=2486 PUBSHBUTTON(SOLIO GRAY) O37 0edabe 
037002625 PUSHBUTTON (WHITE) O370e26a5 
037002873 PUSHBUTTON (DARK GREG) O37oe28Ty 


037092917 PUSHBUTTON (LIGHT BLUE) O37002417 
0380-0162 STANDOFF@RVT@ON ,78LG 6@32THD ,2500 BRS Osacedie2 


146001085 SPRING (8H HET) ,25eINew 1,555"INOLG BE Logout ass 
153001098 FABTENERSO,136" DIA be32 THREAD 085 


2110=0269 FUSEHXOLOER@CLIP TYPE ,25D0=FUSE BWpo2daes 
5000=8068 HOLDER, SPRING Sogdedoos 


03438-66512 PC ASSEMBLY, OISPLAY 03438-66512 


199000804 LEDeVIBIBLE LUM@INTHSOOUCD IP B5OMAewAX 19ededeoe 
1990204046 LEO=VISIBLE LUMMINTBSOOUCD IF BSOMAeMAX L9qdedece 
1990080400 LEDeVISIBLE LUM@INTSSOOUCO IF eSOMAewAX 19ed0e080u 
1990804048 LEDeVISIBLE LUuMeINTESOOUCOD TF BSOMAeMAY 19etedeod 
1990e0404 LED@eVISIBLE LUM@INTHSJOOUCD [FaSQMAeMAY 19qcedsts 


? 
ws 
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Table 6-3. Replaceable Parts (Cont‘d). 


HP Part 
Number 


Reference 


Designation Mfr Part Number 


Qty Description Grid 


Az086 1940e0d08 LEOeVISIBLE LUM@INTHSOOUCD IF aSOMAeMAX £9908000G 
A2OST 18e0e0K0u LEDeVISISLE LUM@INTMSOOUCD TP eSOMASMAX 1990e0G0a 
a2088 199060408 LEDeVISTELE LUMsINTBSOOUCD IFBSOMAcMAX {990"0404 
Azoge 194000404 LEDwVIBIBLE LUM@INTBSOOUCD IF BSOMAmMAX 199020004 
A2D810 1940e0G08 LEOeVIBIBLE LUM@INTMSOOUCD IF eSOMAmMAX 19900000a 


1990—0532 DTBPLAYeNUM BEG ,SeCHAR ,298H 199000532 


199000531 DIBPLAYeNUM BEG JeCHAR ,JuH GAsARSDePPHD 199060531 
199000531 DIEPLAY=NUM BEG LeCHAR ,3enh GAPARSD@PPHO 190000534 
199000531 DISPLAY=NUM SEG JeCHAR ,JeH GAeARBD=PPHO 1990°0531 
03453-61601 14 PIN FEMALE CONNECTOR; P/O W3 03438-61601 
03433-61602 6 PIN FEMALE CONNECTOR; P/O WS PIN 5 BLANK 03438-61602 
03438-61603 2 PIN FEMALE CONNECTOR; P/O W4 03438-61603 
1251-5064 14 PIN MALE CONNECTOR (DISPLAY) 1251—5064 
1251-5063 6 PIN MALE CONNECTOR (ANNUNCIATOR) PIN 5 CLIPPED 1251-5063 
1251-5031 2 PIN MALE CONNECTOR (+5 V SUPPLY) 


RESISTOR 110 5% .25W FC TC=—400/+600 
RESISTOR 220 5% .25W VC TC=—400/+600 


0683-1115 


0883-1115 RESISTOR 1105% .25W FC TC=--400/+600 

ObbSa1115 REBISTOR 110 S¥ ,25N FC TCm~00/4600 
Obbs—RaIS REBIGTOR 220 SX ,25W FC TCm0G0074600 
ObaSa2zI5 REBIBTOR 220 SX ,25H FC TCB9G00/4600 


ObBsH1115 RESIBTOR 110 2a5n 768290074600 
Obese 115 REBYSTOR 310 5¥ ,25W FC TCHH800/4600 
83 RESTBTOR {$10 SX ,25W FC TCBeG00/0600 
RESISTOR 110 SX 25m FC TC80000/4600 

REBIBTOR 110 3K ,25w PC TCo"k0074600 

Obese 115 RESISTOR 110 e25m FC 108200079600 
ObBse1115 RESTSTOR 110 SX ,25n FC TCB82000/4600 


MpeIB BOARD ASSEMBLY 0343866503 


O3838b6505 


3c601 O160=3bR2 CAPACITOR©FXD ,1UF #BOeROx 100V0C CER 0160e3622 
ASCoo2 Olbde3b22 CAPACITOR@FXD {UF #800e20% 100V0C CER O1g0edo22 
AYCOOS OLBOwzOT8 CAPACITOR=FXO 220UF¢7Se10x JS5VOC AL S0o0227HO3S0F7 
AyCoo8 OL8Om 1735 CAPACTTOR@FXOD ,22UFee10% $5yOC Ta 1S5p02R220x9035A2 
AyCoOS OLB0e0210 CAPACITORSFXD S,3UFee20K 15VOC TA 159D335xX001Sa2 
AJYCOCb O1bOe2100 CAPACTTON@PXD L200UF¢7S5e10x% 1SVDC AL 39H126C01SFLa 
A3CO07 016001735 CAPACITOR@FXD ,22UF¢e10% J5VDC TA 150D224x903Sa2 
AysCe08 018080210 CAPACITOR@PXD 3,JUFoe20K s5VOC TA 159033S5X0015A2 
ASCOO9 018000089 CAPACITOR@FXD 2OUFe7Sei0x SoVDC AL 30p20690S0CCR 
ASCO10 O180n 0228 CAPACITOR@FXD 22uUFse{OX 1SVOC TA 15o0220x9015B2 
AICoil 01802100 CAPACITORGFXD {2O0UFe7Sasox 15VOC AL 390128G01S5FLG 
AyC700 016003807 CAPACITORMFXD ,O1UF ¢10000% SOVDC CER 016003847 
ASCT01 016003520 CAPACITOR@PXD 7EPF se{X {00VOC 0160"3520 
ASCTO2 016083520 CAPACITORGFXO 7SPF sai 100VOC 016023520 
ASCTOS LOS 704 CAPACITORNFXD 6,8UFee20x OVOC TA 150D68SX0000A2 


ASCTO6 18081705 CAPACITOR@FXD 6,6UF¢e20% BYDC TA 1590685X0000A2 


ASCTO7 OLB 701 CAPACTTOR@FXD 6, 8UFee20X BYOC TA 159068SX000bs2 
ASCTO® OLbOel TOL CAPACITORNOFXD B,BUFGeROX GYOC TA 159068S5x0006A2 
ASCTI0 018000309 CAPACITOR@FXO S,7UFeeROX 10VDC TA {35qDa7Sxoo1oaz 
AJCT11 1800029! CAPACITOR@FXO SUF¢e10X% 35yDC TA 1S500105x903S5a2 


AXCTI2 018000291 CAPACITOR®FXD 1UFee1OX 35yOC TA 15q0L0Sx903SAR 
Ayc7iy OLecwS2es CAPACTTON@FXO LUF+eSOX 35VOC TA 150D1L0SX903Sa2 
AYC736 01600029) CAPACTYORASFXD {UFGel OX JSyOC TA 1SQDLOSX9O3S5AZ 
ASCTIS O1b6e029s CAPACITORSFXKD {UF Gof OX SSVOC TA 1500105x903Saz 
AIYCTi6 OLAOw aes CAPACITONGFXD {UFeeiOX SSVOC TA 15oDL05SX903SA2 
ASCTS7 O180%0291 CAPACTTOReFXD {UFeme1OX S5VOC {5Q0105xXG03Sa2 
AXCTIB O18000241 CAPACITOReFXD JUF+=1O% SSyOC TA 1590105xX903Sa2 
ASC7I¢ O1b0e029) CAPACITOR@FXO LUF¢e{ OX S8yOC TA {50OD01L0SX903SA2 
AXCT2Z0 C180 029) CAPACTTORGFXD 1UFoejOX SSVOC Th 1500105X9035a2 
ASC721 0180-029) CAPACTTORaFXD SUFe10X 35VOC TA 15oO01OSX903SA2 
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Table 6-3. Replaceable Parts (Cont'd). 


Ot + 4s Mfr 
: 


HP Part 
Number 


Reference 
Designation 


Mfr Part Number 


ASCT22 016020229 CAPACITOR@FXD S3UPsei0% 1OVOC TA {SoOFFOxLIO1CRZ 
Aye723 016023647 CAPACITORNOFKO ,OLUF #100e0% SOvOC CER O1g0e38e7 

Aye72a 0186000291 CAPACITOR@FXO LUFee10¥ S5v0C TA {SHDLOSKOCISAR 
AYC725 010060293 CAPACITORGPXD {UFeei0% J5VOC TA {SgDL0SK903Sh2 


AXCT2Z6 
aye7a7 


0186000293 CAPACITORGFXD 1UFemf{OX SSVOC TA A[SeDLOSKHOSTAZ 


016020291 CAPACITOM@PXO LUFeel0% 3S$VOC TA LSoDLCSX9CTTAR 


Aye728 016083622 CAPACITORGFXD ,1UF 80020% L00VDC CER Cigcedbaz 
aye7ag 016003622 CAPACITOR©FXD ,1UF #80020% 100V0C CER Olgcatezz 
AYC730 016003007 CAPACITORNSFXD ,OLUF #100003 SOVOC CER Olg0e38S7 
Aye731 0160002% CAPACITOR@FXO 1UPe10% 35VOC TA {SGOLCSXIOSSAR 
A3C808 0180-0309 CAPACITOR—FXD 4,7UF +—20% 10VDC TA 150D475X0010A2 
AYCROOL 190120029 OTODESPHWR RECT G00V 750HA 00029 uPgda 

ASCROO2 190120029 OFODZoPWR RECT GOOV 750MA 00829 MPgda 

ASCROOS 190100029 OTODESPWR RECT 600V 750¥A DOnad yPgda 

AJCROOG 190120029 OFOOLSPWR RECT 600V 750MA 00-29 wPgds 


AYCROOS MPG9G 


ASCROO6 


190120029 
190120029 


OLOOFoPHR RECT B00V 750MM 00029 


OYOOE=PWR RECT 6OOV 750MA D0029 Mpada 


ASCROOT 1902-3073 DIODE@ZNR 4.32V SK OO0e7 POB,GA TCBe 0495 C025601 

ASCROOB 190203104 DIODESZNA S,62V SX DOe7 POw,4M Tle, 01 bx 82109399110 

ASCR700 199000514 OPTOSIBOLATOR LED=POIO/XB6TR IP By he¥AX 19900051 

ASCRIOL 199060510 OPTOSCISOLATOR LED#ROIO/XSTR IFajdeMax 19q0edSia 

ASCATOR 199050510 OPTOSISOLATOR LED=PDIO/XSTR IPa{deoMAX 199000Sia 

ASCRTOS 190120000 DYODESSNKITCHING SOV SOMA 2N8 0003S {%gi900%0 

AXCR700 190120040 OZODESBHITCHING 3JOV SOMA QNS 00935 199120046 

ASCRT0S 190100040 OFOOESSHITCHING 3OV SOMA 2N8 00035 19pLe00KO 

ASCR706 190120040 OLODESSHITCHING SOV SOMA 2NS 0003S 199he0Ko 

ASCR707— 713 190100040 DJODESWITCHING 3OV SOMA 2NB DO%3S 1941=0080 

A601 9100-4011 5 PIN FEMALE CONNECTOR P/O T1 9100-4011 

A701 1251-3283 HP—1B CONNECTOR 1251-3283 

A702 03438-61604 6 PIN FEMALE CONNECTOR P/O W2 PIN 2 BLANK 03428-61604 

A3J703 03438-61602 6 PIN FEMALE CONNECTOR P/O W5 PIN 5 BLANK 03438-61602 

A3L701 9100-1640 COIL 160 UF 5% 9100-1640 

A3P601 1251—4841 5 PIN MALE CONNECTOR (T1 SECONDARY) 1251-4241 

A3P702 1251-5063 6 PIN MALE CONNECTOR (I/O) PIN 2 CLIPPED 1251-5053 

A3P703 1251-5063 6 PIN MALE CONNECTOR (ANNUNCIATOR) 1251-5063 

PIN 5 CLIPPED 

AYO1 1865400071 TRANSISTOR NPN BY POBSOOMMW FTBROOHHZ pegdedort 

ayaa 185000074 TRANSISTOR NPN ST POSSOONR FTS200MHZ 18949007! 

AyQ3 {65400071 TRANSISTOR NPN BY POBSOOMN FT SZOOMKZ 1854e0071 

AYOTOL 165000071 TRANSIOTOR NPN SJ PDBSOOMW FTBZOOMHZ pegdedOTt 

Ayo708 105400071 TRANBISTOR NPN BY PORSOOMW FTBROOMHZ {8gG000T] 

A3O703 185460071 TRANSISTOR NPN BY POBSOOMW FTBZOOMHZ 185400071 

Ayo704 165420071 TRANSISTOR NPN GY PORSOOMN FTSZOOHHZ 189400071 

A3Q705 1854=0071 TRANSISTOR NPN ST POSSOOMN FTBZOOHHZ jaggedO7! 

A3Q706 1854=0071 TRANBIBTOR NPN BI POBSOOMN FTEROOMHZ 18940007! 

ASRY 066302035 REGISTOR 20K SX ,a5W FC TC#2000/4800 c8poss 

AyR2 060304715 RESISTOR G70 SX ,25w FC TCmeh00/eb00 cealis 

ASRS 0686302035 RESISTOR 20K SX ,25W FC TOweG00/e800 687038 

Ayng 066304715 RESISTOR G70 SX ,25W FC TCmHG00/4b00 eegmis 

AyRS 068302035 RESTSTOR 20K SX ,2SW FC TCwHd00/4800 e82035 

AJR6 068304715 RESTOTOR G70 SX ,25W PC TCm2000/4600 caaTl5 

ASROOL 068301025 REOISTOR 1K SX ,25W FC TC#2G00/4b00 cayors 

ASRGO2 068301625 RESISTOR 1,8K SX 25K FC TCmebOOso700 cpyaas | 

AYROOS 210000567 RESTSTOR|TRMR 2K 10K C TOPSADJ L=TRN TBellbel 

AyRO0G 0663"8215 REBIBTOR 820 SX ,25W FC TCB=G0074b00 coazis 

ASRT7O1 181020136 NETWORK@RES S0PINGBIP ,lePIN@SPCG L8pOedido 

AIR702 181000055 NETWORK@RES SePINeSIP ,LSePIN@SPCG 18000055 

AIR703 068301525 RESISTOR 1,5 SX ,25H FC TCHah00/4700 51525 

ASAT0G 075720001 REBISTOR 100 1% ,125W F TCMde=l100 Cal /BoToOul dior 

AYRIOS 069800453 RESISTOR GO2 1X ,125n F TCadeHl00 Chal /beTOeucQaee 

AIRT06 06831025 RESISTOR 1K SX ,25n PC TOa=d00/4600 csjoas 

43R707 O7S7H0161 RESISTOR 604 1X ,125W F TCEOe=100 Chol /boTOebgaker 

AJR708 069Be3178 RESISTOR G87 1X ,1L25w F TCHOe!100 Cel /BaTOee TROP | 

AJRTO® 0683=1023 RESISTOR 1K 5X 25m PC TOmHG00/4600 eajoas | 

AYATLO 0757-0161 RESTSTOR 604 {X ,125w F TosoeHlO0 CooL /BeTCwboaRee 

ASRTML 069803178 RESISTOR G87 1X ,125N F TEmOselO0 Clal/BaTOSES TRF 

ASATI2 0683=1335 REBTBTOR 13K SX ,2SK FC TomeG00/9800 esy33s | 

AJANMG 0683H1135 RESISTOR 11K SX ,25a FC TOmed00so8Cd cayiss | 

AIRT1G 0698e3178 RESTSTOR GB? 1X ,125N F TCBOeelOO Chel/BeTCeusIRep } 

AIRT15 0683—1035 RESTSTOR 10K SX ,25mK FC TomeSO0s4700 cayoss | 
. ] 

AIRT16 075720469 RMESTSTOR {50K 1X .L25W F TOEOH100 Cat /BaTOel Sse | 

AIRTL7 0683=0725 REBISTOR G,7K SX y25R FC TowehO0/4700 cearas | 

AYRT18 068324728 REBISTOR G,7K SX ,2SK FC Toseuooss700 cau7as 

AJRT2O0 Ob9Betuue2 RESISTOR G,G2k 1X ,[25w F TCwdselO0 CSL /SaTQeMeR i oF | 

AyR72t 065301025 RESISTOR [K SX ,25w FC TlmedO0/eb00 eaypoes 


Section VI 


Reference 
Designation 


AYRT22 
AyARTIS 
AyR726 
ayry2s 
AyRT26 


AYRT27 
ASRT2Z8 
AS1-AS7 
AYUOOL 
ASUbOR 
AyUTOS 
ASUTOR 
ASUTOS 


ASUTOS 
ASYTOS 
AYUTOS 
ASUTOT 
AyurTo® 


ASUTO® 
AXUTLO 
ASUTL2 
ASUTI 
AyUTIS 


AJUTI6 
AYUTIY 
ASUTIE 
Ayury9 
AYUTIO 


AJUT2ZI 
AYUT22 
ASUT2S 
Asuy24 
Ayu725 


ASUT2O 
Asvya7 
ASUT28 
A3uU729 


HP Part 
Number 


0683-5125 

068321035 
O7S7=0280 
075720280 
O7S7e0283 


O7S7=0283 
ObBseL035 
3101-1973 
LO20eOk2e 
{820e0830 
{820—1558 
162001556 
TORO Laie 


182001759 
J8ROwLTIO 
{OROwl GOs 
LOROmObRS 
1BROWS200 


182001199 
pOROwL197 
JOROwMMIR 
{82001208 
182ROeL 1% 


pOrOwii32 
{O2ROei 100 
12001206 
JOROwL196 
102001198 


JOROw1198 
LOR0#1216 
{OROm1 023 
{B20m$199 
152001694 


101820373 
162001200 
{O2Oelii2 
{82001739 


120000873 
120500033 


181000307 


Table 6-3. Replaceable Parts (Cont'd). 


Description 


RESTSTORS100 SX ,25w FC 1Ce~0G00/+700 
REBIOTOR 30K SX ,25W FC TCm2G00/+700 
REGIBYOR ik 1X ,125W F TCu0s=l100 
RESYSTOR SK 1% ,125W F TCH0e0100 
REBIBTOR 2K 1X ,12SW F TCe0+e$00 


RESISTOR 2K 1X ,1235" F TCB0ee100 
RESISTOR 10K SX ,25m FC T0m0G00/4700 
SWITCH ASSY, 7PST (ADDRESS SWITCH) 


309 V RGLTR 

MI8C TTL® QUAD 

MTBC TTL@ QUAD 

BCHMITTSTRIG TTL LB INV HEX JarNP 


BFR TTL L&® NON@INV OCTL 

FF TTYL LO DeTYPE POSeEDGEeTRIG COM 
BFR TTL L® NONPINV HEX JetNP 

BFR TTL NAND QUAD 2eINP 

INV TTL LO HEX LexNP 


INV TTL LO HEX JetNP 

GATE TTL L8 NAND QUAD 2e3NP 

FF TTL LO DeTYPE POSeEOGE@ TRIG 
GATE TTL L&® OR QUAD 2aINP 

FF TTL L® DeTYPE POSeEDOEeTRIG COM 


FF TTL LO DaTYPE POSmEQOES TRIG 
GATE TTL L8 NOR QUAD 2oIhP 

GATE TTL LB NOR TPL JornP 

FP TTL L® DeTYPE POB@EDGE=TRIG CON 
GATE TTL L8 NAND QUAD 2eINP 


GATE TTL L8 NAND QUAD BeINP 
OCOR TTL LO SeTOeBaLINE JuaINP 
MV TTL L8 MONOSTBL RETRIG OUAL 
INV TTL LB HEX LeyNP 

MICPROC MOB 


M 16K MK3400 
INV TTL LB HEX LerNP 


FP TTL U8 DeTYPE POBSEDGESTRIG 
BPR TTL L& NON@INV OCTL 


A} MISCELLANEOUB PARTS 


SOCKET@IC {6eCONT OLPeSLOR (USED W/JUMPERS) 
MEAT BINK TO=S/TO#39=PKG (UG01) 


NETWORK SHORTING (JUMPERS 


Model 3438A e 


Mfr Part Number 


CB5125 
coyo3s 

COnl/beTOeL00LoP 
C401 /8eTOHL001LoF 
C4al/8oTO=2001 oP 


COn1/8eT00200{ oF 
eoy03s 

3191-1973 

LM309H 

LM309K 

MC3GUiP 

MC¥GU4P 
ON74OLGLGN 


OMG IL B97N 
9N79L0273 
SN7GL90307N 
7438PC 

ON74LB03N 


@NZ4L90QN 
BN74LO00N 
8N7OL07QN 
7G. 832A 

AMPQLOL7UN 


ON7GLO7QN 
9LgoaPc 

ON74L ORIN 
aM7GLO170N 
BN7OLB03N 


8N7OL003N 
ON7OLOS30N 
ON74LO4a3N 
8N7GL00Q0N 
10200169 


18[800373 
8N74L005N 


8N7GLO7GN 
OMI LOO7N 


129000073 
12950035 


184080307 


03038=26503 


q Model 3438A Section VI 
Table 6-3. Replaceable Parts (Cont'd). 
Reference HP Part Ses Mfr 


MIGCELLANEOUS PARTS 


4040-1278 
03436200202 
03836200601 
03438200608 


034936200603 


SPACER/COUPLER (USED WITH S15) 
PANEL, REAR 
BHIELD, PC 
BRACKET, SWITCH 


OHIELO, PC 


4040-1278 
Osg3b=CC202 | 


o3g3becoe! 
OSadbedoaca 


0393800803 | 


03038-00604 BRACKET, CONNECTOR 63938900608 
03430200605 QBAACKET, TRANGPORMER O3g15"00608 
03038200606 ORACKET, OIOE O3g3b"00b06 


034360240701 
030382660503 


OpAcER 
Pe Aggy, MAIN 


63038924761 
03538=66501 


03038066502 Pc ASBY, DIGPLAY 03g30906502 
03036266503 HPelB BOARD 0338906503 
03438290000 OPERATING & SERVICE MANUAL 03038990000 
036000044 OTANDOFPOHEX O/32" 080 
196001345 TILT STAND oof [4p0rt3as 
500100436 TRIM OTRIP 50geoa38 
JOR00 0813 PRONT PRAME $02008833 
804007201 POOTCOTANDARD) S0a0s720t 
500007203 TAIMETOP 178 504007203 
500007208 COVER) TOP $0g0=7208 
$04007209 COVERIBOTTOH $0gde7209 
500007822 FOOT—NON-SKID S0g0n7222 
§00007653 WASHER 505007833 
500000210 COVER, St0e $0gduh2l0 
712003530 LABEL» CAUTION 11g0e3830 
712006160 NAMEPLATE 71g09b168 
712006085 LABEL, INFO T1p0ebses 
i 81200130 CABLE ABBY AC POWER MMgeT0al 
O1z0easay 
9211-1220 CARTON, CORRUGATED 9211-1220 
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Table 6-4. Miscellaneous Parts 


ODBDNMDOAPWNH— 


5040-7208 
03438-00601 
03438-00202 

5040-8210 
03438-00602 
03438-00603 
03435-00603 

5040-7222 

1460-1345 

5040-7201 

5040-7209 

5020-8813 
03438-00201 

5001-0438 
03438-00606 

5040-7203 

7120-6188 


Description 


Cover: Top 
Shield, PC 
Panel, Rear 
Cover, Side 
Bracket, Switch 
Shield, PC 
Shield, Bottom 
Foot, Non-Skid 
Tilt Stand SST 
Foot, Standard 
Cover: Bottom 
Frame, Front 
Panel, Front 
Trim, Side 
Bracket, Side 
Trim, Top 
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Direct Mail Order Program. 


Domestic orders for replacement parts and supplied can be placed through our direct mail order pro- 
gram for U.S. customers. There is no minimum order size. In most cases, your order is shipped the 
same day it is received at out distribution center, prepaid, where over 70,000 parts are in stock. 


To place a mail order, send your check or money order--no cash--to Hewlett-Packard Mail Order 
Department, P.O. Drawer #20, Mountain View, California 94043. Payment, made payable to 
Hewlett-Packard, must include local sales tax, if applicable, and $1.50 for handling charges. 


Please include in your order the following information: 


- Product Number 

- Description 

- Model number and description of the equipment with which the product is used. 
- Unit price of each product. 

- Your name, Company’s name, full return address, and any special instructions. 
- If tax exempt, include your state exemption number. 


If we can be of any assistance in placing a mail order or answering inquiries on mail orders, do not 
hesitate to contact us at: 


(415) 968-9200 extention 341, 342 


ee) 


tit) 
i 


HEWLETT wu) PACKARD 


CUSTOMER SERVICE CENTER 
Direct Mail 
Parts and Supplies Order Farm 


SHIP TO: 
COMPANY 

CUSTOMER 
NAME REFERENCE # 
Since 4 2» ee eer ee Oe ee ee TAXABLE* 
CITY STATE ZIP CODE 


Please call the nearest HP Sales Office listed on the back of this form if you need assistance in placing your order. 


Special Instructions 


Your State & Local 
Sales Taxes* 


Sub-Total e 


* Hewlett-Packard is registered and licensed to do business in your state, and 
we are required by the laws of your state to pay state and local taxes to them 
monthly on all shipments we make into your state. Therefore, we must pass 
these costs on to the consumer. Tax is verified by computer according to 
your ZIP CODE. If no sales tax is added, your state exemption number must 
be provided: # . If not, your order may have to 
be returned. 


Handling Charge 


Check or Money Order, made payable to Hewlett-Packard Company, must 
accompany order. 


When completed, please mail this form with payment to: 


HEWLETT-PACKARD COMPANY 

Mail Order Department Phone: (415) 968-9200 
P.O. Drawer #20 

Mountain View, CA 94043 


Most orders are shipped within 24 hours of receipt. Shipments are made via UPS or Air Parcel Post. APO’s, FPO’s, PO Boxes, or 
destinations outside the continental 48 States will be shipped Air Parcel Post. Shipments over 25 pounds will be made via truck. 
No Direct Mail Order can be shipped outside the U.S. 
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SECTION VII 
MANUAL CHANGES 


7-1. INTRODUCTION. 


7-2. This section of the manual normally contains 
information necessary to adapt this manual to 
instruments for which the content does not directly 
apply. Since, at this printing, the manual does apply 
directly to instruments having serial numbers listed on 
the title page, no change information is given here. 
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@ (7) MANUAL CHANGES 


-hp- MODEL 3438A 
DIGITAL MULTIMETER 
Manual Part Number 03438-90002 


Be New or Revised Item 
CHANGE NO. 1 for Serial Numbers 1717A02831 or greater. 


The A3, HP-IB Board has changed from 03498-66503 
to 03438-66506. 


Page 8-21/8-22, Figure 8-15. HP-IB Schematic. The follow- 
ing two schematic changes have occurred: 


Additional Capacitors for U725, Nanoprocessor. cau 2 zs 53 


TNT FNRBLE 
INT PECUEST 


o_o OOOO en ee ee 


Power Supply Filtering. 


i] t] 

1 1 

NUWET) —=)> < i Samcuany Poor | veot 
H : 


+v FAM 5 — > Ye | > — 
> 


e@ 30 May 1980 


Supplement A for 03438-90002 
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HP-1B CONTROLLER 


ANALOG TO DIGITAL 
CONVERTER (QUAL SLOPE) 


COMPARATOR 


INTEGRATOR 
RUN-UP 


=[ + +4.6V REFe 
-1V 


—2V(Vssa) 
+605V (Vosp) 
+9V (Vp) 
+5V (Ve) 
—Ves 


Figure 8-1. Simplified Block Diagram. a 
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SECTION VIII 
SERVICE 


8-1. INTRODUCTION. 


8-2. This section contains the Multimeter theory of 


operation and troubleshooting information. Also 
included are block diagrams, simplified schematics and 
complete Multimeter schematics. 


8-3. The following sequence will be used in this 
section. 


A. THEORY OF OPERATION. 


1. Block 
Theory. 


2. Detailed Theory. 
B. TROUBLESHOOTING. 
C. SIMPLIFIED SCHEMATICS. 
D. COMPLETE SCHEMATICS. 


Diagram and _ Simplified 


THEORY OF OPERATION 
8-4. Block Diagram and Simplified Theory. 


8-5. Figure 8-1 is a block diagram of the Multimeter. 
Each block is discussed to give the basic theory of 
operation of the Multimeter from input to display. 


8-6. Input Switching. Ihe input switching block 
consists of the Function switches and the Range switches. 
These switches program the controller using a 3 line 
function code (FNA, FNB, FNC) and a 4 line range code 
(MRD, MRE, MRE, Auto). 


8-7. Input Amplifier. (he input amplifier is a multi- 
gain operational amplifier. It is used for all five input 
functions. The gain is selected by MOS FET switches 
which are controlled by the controller (U13) or by the 
manual range switches. 


8-8. Post Amplifier. Ac and dc voltages are amplified 
by the post amplifier, The gain is xl or x10 and is selected 
by MOS FET switches or by the controller (U1I3). 


8-9. AC Converter. The AC Converter is an average 
responding detector used in ac voltage and ac current 
measurements. The output of the AC Converter is a de 
voltage equal to the rms value of the ac input voltage, In 
the ac current function, the input voltage to the converter 
is the ac voltage drop across the current shunts, times the 
gain of the input and post amplifiers, 


8-10. Ohms Current Source. The ohms current 
source provides ohms reference voltage for the analog to 
digital converter and it provides sense current to the 
“unknown resistance” for each of the 7 ohms ranges. 


8-11. Current Shunts. The current shunts are used for 
ac and dc current measurements. The voltage drop across 
the shunt resistors is the input voltage to the input ampli- 
fier in the ac or de milliamps function. 


8-12. Analog to Digital Converter. [he analog to 
digital converter use the dual slope integration technique 
to translate analog input signals into digital timing 
pulses. 


8-13. Controller. [he controller processes range and 
function information and provides digital control to 
MOS FET switches in the input and post amplifiers and 
the analog to digital converter. The controller also 
converts the comparator output (run down time) into 
appropriate digit and segment drive voltages to operate 
the display. 


8-14. Display. The display provides an annunciated 
digital readout of the input signal using light emitting 
diodes. 


8-15. Power Supply. The power supply provides de 
voltages of +7, -7, -2 (V SUB), and 6.5 V (V Disp) to the 
Al Multimeter circuitry. An additional +9 V(V Db). +5 
V (Vc), and V BG (U725 Back Gate Bias) are also 
provided for the HP-IB logic cireuitry. 


8-16. DETAILED THEORY. 
8-17. Power Supply. 


8-18. +7 V PowerSupply. [he +7 VY Power Supply is 
fullwave rectified by CR403 and CR404 and regulated by 
U10. [he +7 V supply is adjustable by R417. 


8-19. -7 V Power Supply. [he -7 V Power Supply is 
fullwave rectified by CR405 and CR406 and regulated by 
U9 and Q403. Phe +7 V supply provides the relerence tor 
the -7 V supply as shown in Figure 8-2, 


8-20. -2 V (VsuB) Power Supply. The Vst 8 Supply is 
the substrate or back gate bias supply for ULI (Input 
Hybrid), Ul2 Integrator Hybrid, and U13 Controller. 
his supply is derived by dividing by -7 V supply across 
R414 and R415. The VstB Supply is not regulated and is 
therefore, load sensilive, This factor is an aid in 
troubleshooting. 


s-! 
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Figure 8-2. -7 V Regulator. 


8-21. +6.5 V (V Disp) Power Supply. The V visp 
Supply is fullwave rectified by CR402 and CR401 and 
regulated by series regulator Q402. Q402 gets its 
reference from the +7 V Supply. 


8-22. +9 V (VD) Power Supply. The V b Supply is 
fullwave rectified by CR601 and CR602 and regulated by 
VOU. UGU! isathree pin 5 V regulator. CR607 references 
U601 at 3.92 V instead of ground. Therefore, the output 
Voltage is a non-adjustable 8.55 to 9.45 volts. 


8-23. +5 V (Vc) Power Supply. The Ve Supply is 
tullwave rectifiied by CR605 and CR606 and regulated 
by U602. U602 is again a three pin 5 V regulator, 
however, in this application it is referenced to ground. 


8-24. VBG Power Supply. The V BG Supply is a Zener 
regulated (CRO08 - 5.62 V) supply that is fullwave 
rectified by CR603 and CR604. The output is adjustable 
Irom -2 V to-5 V by R603. The V BG supply should be set 
to the voltage stamped on U725. 


8-25. Analog Theory. 


8-26. Input Switching. The input switches are 
separated into two groups —Function (S2 thru S6) and 
Range (S7 thru S14). The function switches provide 
correct paths for the input signals to the analog circuitry 
and at the same time output a three line function code 
which programs the Digital Control IC (U13), the Input 
Hybrid (UII), and the Integrator Hybrid (U12). The 
simplified analog schematic (Figure 8-12) shows the 
input switching configuration for each function. Table 8- 
| shows the input switching configuration for each 
function. Table 8-1 shows the three line function codes 
for each of the five Multimeter functions. 


MANUAL (S16 OFF) 


K-2 
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Table 8-1. Function Code. 


Code 
Function FNA FNB FNC 


DCV (S2) 
ACV (S3) 
DCI (S4) 
ACI (S5) 
£2 (S6) 


8-27. The range switches (S7 thru S13) output a three 
line range code to U13, UI1, and U12 when the AUTO 
(S14) switch is not depressed. If (S14) is depressed, S7 
thru S13 are open and the range code information then 
comes from the Control IC (U13). Table 8-2 shows the 
range codes and Figure 8-3 shows a block diagram of the 
logic interface during Auto and Manual ranging. 


Table 8-2. Range Codes. 


20 mv (S7) 
200 mv (S8) 
2 V (S9) 


20 V (S10) 

200 V (S11) 

1200 V (S12) 

20 M22 (S13) 

Auto (S14) Open Open Open 


8-28. Voltage and ohms functions can be Auto or 
Manually ranged. The current function (dcl and acl) are 
manually range only. S8 thru S12 are used to select the 
correct current shunt for the five current ranges. 


8-29. DC Voltmeter. The Simplified Analog 
Schematic (Figure 8-12) shows the DC Voltmeter circuit 
configuration. The function of the analog portion of the 
Multimeter is to convert voltage, current, or resistance 
information at the input terminals to a dc voltage at the 
input to the Analog to Digital Converter (A to D 
Converter). In the de voltmeter configuration, the 
voltage at reference point can vary from 0 Vde to + 
1200 Vdc. 


8-30. The voltage at the input to the A to D Converter 
needs to stay within the limits of -l Vdcto +1 Vdcto 
avoid setting the Multimeter display to an overload (OL) 


CONTROL 
Uugs07 


RGD RGE RGF 
——s 


AUTO (SI4 ON) 


INPUT 
uio2 


Figure 8-3. Range Code Logic Interface. 


INTEGRATOR 
u402 
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condition. The input voltage must obviously be 
amplified or attenuated to keep the voltage at (0) within 
these limits. This is accomplished by the combined gains 
of the Input and Post amplifiers. Figure 8-4 shows the 
gain configuration for each of the five dc ranges. 


8-31. The input voltage at (8) is applied to the input 
amplifier during integrator run-up only. Consequently, 
the input voltage to the Input Amplifier is a square wave 
as shown in Figure 8-4. 


8-32. AC Voltmeter. The AC Voltmeter circuit 
configuration is shown in the Analog Simplified 
Schematic (Figure 8-12). Figure 8-5 shows the gain 
configuration for each of the five ac ranges. 


8-33. In the AC Voltmeter configuration the output of 
the Post Amplifier (©) is the input to the Ac to Dc 
Converter. This signal will be ac in the ac volts or ac 
milliamps function. 


8-34. U6 and its associated components comprise the Ac 


RANGE /INPUT INPUT AMP 


200V/100V 
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to Dc Converter. The output is a de voltage equal to the 
rms value of the input. The output of the Ac to De 
Converter becomes the run-up voltage for the A to D 
Converter. 


8-35. Ohmmeter. Refer to the Simplified Analog 
Schematic for a simplification of the Ohmmeter circuit 
configuration. Figure 8-6 is a block diagram of the 
Ohmmeter circuit. 


8-36. U8 functions as a low impedance voltage source to 
Rref. It outputs .5 V in all ohmmeter ranges. This output 
voltage is dropped across Rret to a virtual ground 
provided by the Input Amplifier (—). The resultant 
current is the current thru the unknown resistance (Rx). 
Figure 8-7 further simplifies the gain configuration 
combining the Input Amplifier, associated 
compensation, and protection circuitry as an inverting 
Op Amp with Rret as the input resistor and Rx as the 
feedback resistor. The output of the Input Amplifier ts 
the run-up voltage to the A to D Converter. 


OVERALL GAIN/ 


aa ae OUTPUT VOLTAGE 


Cy a a 


Figure 8-4. DC Gain Configuration. 
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RANGE / INPUT OVERALL GAIN/ 
VOLTAGE OUTPUT VOLTAGE 


iM 
50K 
® 5M 
200mV7/i00mVoe SK 
(D) X2/e2Vac 
=i = _! 
| v 
IM 
eee 
® 5M 
2v/iVor 10K 
fn (D) Xe2/e2Vac 
10K 
SOK 
_ Sag 
20v/I0Vec |! SK 
| (D) X 002 /«2Vac 
| $ 
. 
| ; | 
i iOK 
if 
| 5M 
| © 10K 
200V/i00Vee ii 
' 
H (0)  X2002/.2Vac 
i 
i| 
(D) X e0002/«2Vac 


3438A-C-I7 


INPUT AMP {I POST AMP 


rm 


<4 


fo] 
x 


'200Vac / i000V 


2's RUN-DOWN 


ATO D 
CONVERTER 


343GK4- 0-18 


Figure 8-6. Ohms Block Diagram. 
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Vrer (e5V) 


3466A-8-30 


"10 Mf!) Effective Resistance 


500K/50K 


Rx (£2) Input Amp Integrator 
(1/2 Scale) Output Output 
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Figure 8-7. Ohm Gain. 


8-37. Analog to Digital Converter (A to D Converter). 
Refer to Figures 8-8, 8-12, and 8-14. The A to D Converter 
converts dc voltage into a proportional timer control signal. 
This circuit consists of an Integrator (U2), a Slope Ampli- 
fier (U3), a Comparator (U4), and an Auto Zero Loop. 


8-38. There are four basic conditions (X2\3\4)) for a 
complete measurement cycle as shown in Figure 8-8. 
These conditions exist for each of the five Multimeter 
functions. 


8-39. During Auto Zero @) the exact potential at the 
Integrator summing junction is stored on C205. This 
potential should be nearly zero volts. However, any offset 
voltages at the input to the Integrator will be stored 
during condition(.). 


8-40. At the beginning of run-up @) a de voltage propor- 
tional to the Multimeter input is applied across one of 
the run-up resistors (depending on the Multimeter function 
selected). This run-up voltage is integrated across C202. The 
polarity of the Integrator output is opposite to the run-up 
voltage polarity. The run-up voltage polarity is dependent 
upon the Multimeter function, range selected, and the input 
polarity. Figure 8-8 shows the Integrator output for three 
different input levels and the polarity for different func- 
tions and input polarities. 


8-41. Run-up is a fixed time of 100 milliseconds. At the 
end of run-up the run-up resistor is disconnected from the 
integrator summing junction. There is now a 1.6 milli- 
second hold or settling time @) before run-down is ini- 
tiated. During this time the Controller senses the polarity 
of the Integrator output and selects the proper run-down 
current. If the integrator output is positive at the end of 
run-up, QH1 will be closed and QH2 open during run-down. 
If the integrator output is negative QH1 and QH2 will be 
open. 


8-42. Run-down @) time may vary from zero to 200 
milliseconds depending on the charge built up on C202 


during run-up. During run-down the discharge rate of 
C202 is fixed (fixed slope). Therefore, the greater the 
charge on C202 (positive or negative), the longer the 
discharge time. This conversion method from voltage to 
time is called Dual Slope Integration. A counter is started 
at the beginning of run-down and runs until the output o! 
the Integrator crosses zero. The accumulated time ts 
directly proportional to the de voltage at the input to the 
A to D Converter. This time is processed by the 
Controller along with the range and = function 
information that is already established to become the 
Multimeter display readout. 


8-43. The Slope Amplifier and Comparator amplify the 
output of the Integrator by a factor of X80000. This pro- 
vides a very accurate zero crossing detector. If the output 
of the Integrator is positive during run-up, the Comparator 
output will be positive. This voltage is sensed and processed 
by the controller to provide correct run-down and display 
information. The comparator output will remain positive 
until the output of the Integrator runs down and crosses 
zero volts. The comparator then changes to zero volts 
output. 


8-44. Controller. U13 functions as an Algorithmic 
State Machine (ASM) controller. It controls the MOS 
FET switching on the Input and Integrator Hybrids. U13 
outputs drive signals for the display digits. 


8-45. At the end of run-down, the output of the A to D 
Converter (Comparator) is a state change HI to LO or 
LO to HI, depending on the Apa of the Integrator 
output. As previously discussed, the display counter has 
been counting since the beginning of run-down. Now, the 
counter must be stopped eaactly as the Comparator state 
changes to ensure accurate A to D Conversion. Ihe 
comparator output stops the controller counter. The 
information now stored in the counter is a true 
representation of the Multimeter Input. 
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Figure 8-8. Integrator Output. 


8-46. HP-IB Theory. The HP-IB is an instrumentation 
interface which simplifies the integration of instruments, 
calculators, and computers in a system. 


NOTE 


HP-IB is Hewlett- Packard's implementation 
IEEE Std. 488-1975, "Standard Digital 
Interface for Programmable Instrumenta- 
tion”. 


8-47, The HP-IB employs a bus of 16 active signal lines 
grouped into three sets: 


(1) Data 
(2) Data Byte Transfer Control 
(3) General Interface Management 


Upto 15 instruments can be interconnected in one HP-IB 
system. Figure 8-9 is a pictorial of the Interface 
Connections and Bus Structure. 


&-48. Eight of the signal lines are termed DATA lines 
and are used to carry coded messages. The coded 
messages may represent addresses, program data, 
measurements, Or status bytes. Thesame DATA lines are 
used for input and output of messages in a bit-parallel, 
byte-serial form. Normally, a seven-bit ASCII code is 
used with the eighth bit available for Parity Checking. 
8-49. Data is transferred by means of an interlocked 
“handshake” technique which permits asynchronous 


communication or data transfer at the rate of the slowest 


8-6 


DEVICE A 


ABLE TO 
TALK, LISTEN 
AND CONTROL 


(e.g. calculator) 


DEVICE B 


ABLE TO 
TALK AND 
LISTEN 


(e.g. digital 
multimeter) 


{e.g. ik 


DEVICE D 


ONLY ABLE 
TO TALK 


(e.g Counter) 
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DATA 
8 lines 


DATA BYTE 
TRANSFER 
CONTROL 


3 lines 


GENERAL 
INTERFACE 
MANAGEMENT 


5 lines 


DATA 
INPUT/OUTPUT 


DATA VALID (DAV) 
NOT READY (NRFD) 
NOT DATA ACCEPTED (NDAC) 


INTERFACE CLEAR (IFC) 
ATTENTION (ATN) 
SERVICE REQUEST (SRO) 
REMOTE ENABLE ( REN) 
END-OR-IDENTIFY( EO!) 


Figure 8-9. Interface Connections and Bus F 


Structure. 
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device participating in that particular conversation. The 
three Data BYTE Transfer CONTROL lines are used to 
implement the handshake technique. 


8-50. The remaining five GENERAL INTERFACE 
MANAGEMENT lines are used for such things as 
activating all the connected devices at once, clearing the 
interface, etc. Refer to Table 8-3 for the definition of each 
of the management lines. 


Table 8-3. General Interface Management Lines. 


Rencnbptien 


Attention DETERMINES the Operating mode 
Interface INITIALIZES the HP-IB system to an idle 


Clear State (no activity on the BUS) 


Service 
Request 


ALERTS the Controller to a need for 
Communication 

Remote 
Enable 


PLACES instruments under remote 
program control 


End of 
Identity 


INDICATES last data transition 
during a data transfer sequence 


TROUBLESHOOTING 
8-51. Preliminary Troubleshooting. 


8-52. Troubleshooting procedures are performed after it 
is established that there is a failure in the Multimeter 
circuitry. Unless a failure is obvious, such as a blank 
display, refer to the Adjustment Procedures and 
Abbreviated Performance Checks before attempting to 
troubleshoot the Multimeter. 


The hybrid circuits in the Multimeter may be 
permanently damaged by static discharge 
from a hand or tool when the Multimeter is 
disassembled. The procedures below must be 
followed to prevent possible damage. 


1. Ground the hand while disassembling 
and working on the Multimeter. Conductive 
wristbands (-hp- Part No. 00970-67900) are 
available for this purpose. 


2. Attach the Multimeter COM terminal 
to earth ground. Touch all tools to earth 
ground to remove Static charges before using 
them on the Multimeter. 


3. Use asoldering iron with a grounded tip. 


Wear clean cotton gloves when working on 
the circuit board. Contamination or 
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fingerprints will reduce the accuracy of the 
Multimeter. Use low flux content solder (-hp- 
Part) No. 8090-0512) when replacing 
components. Do not permit traces of fix to 
form on the circuit’ hoard. Observe 
precautions against static discharge. Do not 
use flux remover. 


8-53. Front Panel Observations. Without 
disassembling the Multimeter, failures can often be 
isolated by doing the Abbreviated Performance Tests 
and by carefully observing and recording the display 
indications. This is especially true if the failure ts a 
measurement error. 


8-54. Refer to Table 8-4 AC Gain, 8-5 DC Gain, and 
Figure 8-12. Simplified Analog Schematic for the 
following examples. 


NOTE 


Circled letters @) through @) are reference 
points to aid in correlating between block, 
simplified, and complete schematic diagrams. 


Table 8-4. AC Gain. 
© 


Input Input Amp | Post Amp] Post Amp 
Voltage (Gain) (Gain) Output 
AV 2 


x 10 200 mV 
x1 200 mV 
x 10 200 mV 
x1 200 mV 
200 mV 


x1 


Table 8-5. DC Gain. 


Input Amp | Post Amp 
(Gain) (Gain) 


Post Amp 
Output 


Input 
Voltage 


8-54(a). 100 kHz frequency response failures are most 
often associated with the ac to de converter of the post 
amp x 10 gain. This failure can also be isolated by 
recording and evaluating the ranges that are in or out of 
specification. 


Example I: 


200 mV OUT 
2V OUT 
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20 V OUT 
200 V OUT 
1200 V OUT 


The failure is probably associated with the ac to dc 
converter. 


Example 2: 


200 mV OUT 
2V IN 
20 V OUT 
200 V IN 
1200 V IN 


The failure is probably associated with the post amp x 10 
gain. 


8-54(b). The functional block diagram can be used to 
isolate failures as follows: 


Example 1: 
acV OUT 
deV OUT 
Ohms OUT 


The failure is probably associated with the input amp of 
the a to d converter. 


Example 2: 
acV OUT 
dcV IN 
Ohms IN 


The failure is probably associated with the ac to dc 
converter. 
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8-55. Disassembly Procedure. Once it has been 
established that there is a failure, disassemble the 
Multimeter using the following procedure: 


a. Remove the Multimeter Power Cord. 


b. Remove two top cover fastening screws (back 
panel) and remove top cover. 


c. Remove five A3 shield mounting screws (back 
panel). This will allows the A3 PC and shield assembly 
(HP-IB) to slide forware % of an inch. 


d. Disconnect W5 from the A3 PC assembly. WS isa 
green, yellow, orange, red, brown cable connecting A3 to 
A2 (display). 


e. Remove the A3 PC and shield assembly by sliding 
the assembly forward and upward. With the Multimeter 
front panel facing you, place the A3 PC and shield 
assembly to the right side of the Multimeter. 


f. Re-connect WS to the A3 PC assembly. 


g. All adjustments can be made without removing the 
interval Al shield. 


8-56. General Troubleshooting Information. 


8-57. Test Jumpers. Test jumpers (JM) are 
strategically located on the Al and A3 PC assemblies to 
aid in troubleshooting. In some locations JM’s can be 
clipped open for circuit isolation. Table 8-6 lists the Al 
JM’s and their function. 


NOTE 


The letter J etched on the Al PC assembly 
denotes the JM designator on the schematics. 


Table 8-6. Test Jumpers. 


JM Number Voltage/Signal 


JM 4 External Hold 


JM 2 10 kHz Test 

JM 102 Input Amp Output 
JM 103 Post Amp Output 
JM 201 Slope Amp Output 
JM 202 Comparator Output 
JM 203 Run up Clock 

JM 401 Vdisp Supply 

JM 402 Vsub -2 V Supply 
JM 403 Vsub -2 V Supply 
JM 404 Vsub -2 V Supply 


JM 405 +7 V Supply 


JM 406 
JM 407 


+7 V Supply 
-7V Supply 


JM 408 -7 V Supply 


8-8 


Test Only 


Holds Display 


Test Only 


When Opened 

disconnects Vsub from U11, U12, U13 

disconnects Vsub from U11 

disconnects Vsub from U12 

disconnects +7 V from U2, U3, U4, US, 
U6, U7, U12 

disconnects +7 V from U5, U6, U7 

disconnects - 7 V from U2, U3, U4, US, 
U6, U7, U12 

disconnects - 7 V from US, U6, U7 


eo) 


Model 3438A 


8-58. Test Pads. Logic control states for the Al PC 
assembly (Hi = + 7 V, Low = 0 V) can be evaluated using 
the test pads. Table 8-7 lists the test pad by number and its 
associated function. 


Table 8-7. Test Pads. 


Run Up Enable MRE Manual Range 


Switch Code 


FNA MRD Manual! Range 
Function Switch Code 
FNB Switch Digital Ground 
FNC Code Run Down 
Compensation (+) 


MRF Manual Range 
Switch Code 


No Connection 


8-59. Power Supply. If the +7 V and or the -7 V 
supply reads low at the test pads, turn SI OFF and re- 
check for +7 V and -7 V ata point prior to the SI. Refer 
to schematic no. 4. This will verify if the problem is in the 
power supply rather than in the Multimeter circuitry. 
Figure 8-10 shows the jumper configuration forthe +7 V 
and -7 V power supplies. 


8-60. VSUB Is the substrate voltage for UII, Ul2, and 
U3. IH this voltage is incorrect, individually opening JM 
403, JM 404, and JM 402 while monitoring the VSuUB 
voltage will isolate the faulty integrated circuit. 


8-61. A1 and A2 Troubleshooting. 


8-62. Analog Troubleshooting. Failures in the 
analog circuitry can best be analyzed by studying the 
Simplified Analog Schematic, Figure 8-12. 


NOTE 


Disconnect J403 (A3 1/ O) while verifving the 
Adooand A2 Multimeter Operations. 


8-63. The Input and Post Amplifiers can be isolated by 
placing a short between the COM and Amps input 
terminals. This forces the Multimeter into Auto Zero. 
Therefore, the outputs of either Amplifier should be 
approximately zero volts. If both amplifiers are offset 


POWER SUPPLY JUMPERS 


2?v 
° 


significantly from zero, troubleshoot the lnput Amplifier 
first. 


8-64. The gains for the Input and Post Amplifiers can be 
verified by stopping the measurement cycle during run- 
up. This is accomplished by shorting U 13(35) to ground 
during run-up. [his stops the controller clock and leaves 
the gain selector switches set for run-up. A de voltage can 
be used in each range to signal trace the stage gain of the 
Input and Post Amplifiers. 


8-65. Logic Troubleshooting. Ihe Multimeter Logic 
can best be tested by the following procedure: 


a. With J403 still disconnected open JM 202. 


b. Connect the controller (U13) side of JM202 to 
JM 203. 


c. The display to indicate all zeros except when a 
“Improper” switch combination is selected (Refer to 
Section III). 


8-66. If this test fails, there is a problem in the Logic 
portion of the Multimeter. If it passes, the problem ts 
most likely to be in the Analog portion. 


NOTE 


The Adjustment Procedure must be 
performed and the Abbreviated Performance 
Test completed before assuming the 
Multimeter has failed. Many hours of 
troubleshooting can be waisted because of an 
overlooked adjustment, 


8-67. HP-IB (A3) Troubleshooting. 


8-68. The A3 PC assembly can best be troubleshot using 
the -hp- 5004A Signature Analyzer (SA) and the 
froubleshooting Flow Charts given in Figure 8-11. 


8-69. Signature Analyzer (SA). Throughout the 
following Flow Chart, the SA switch settings and 
connectors will be given except the ground lead 
connection. The ground lead is connected to the GND 
jumper on the A3 PC assembly for the entire test. 


Figure 8-10. Power Supply Jumpers. 
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U712 AND/OR U709 
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Figure 8-11. HP-IB Troubleshooting Flowchart. 
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REFER TO APRON PAGE. 
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ADDRESS SWITCHES: 
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U726 U725 U726 U729 U729 
9 1CFH Pin 1 C21A Pir 8 PEE Pin 2 0H26 Pin 2 52C9 
10 c9U0 2 HAO7 10 OH72 4 C487 4 PC18 
11 7P16 3 HOAA 11. AS2H 6 3U46 6 60H9 
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14 4698 5 4442 14 15PF 12  55A8 12 O0A37 
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ee : - 
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17. GFF2 or FC43 18 FC43 
* Pin 5 may be unstable. 
U705 U722 U705 U725 U705 
2 = 8556 Pin 1 407A Pin. 12  8CP8 Pinet2u acbs2 Pin f eee 
ae 2 6800 1B ee Cae: 6  91U1 
3 oie Sin  CREG ere eg 15 28F5 9  FOAA 
BAA 4 8PHO 31 U4F5 12 8CP8 
5 0000 32 0000 or U4F5 15 AU62 
33 H987 16 736A 
34 U4F5 19 4UA1 
35 UUPF 
36 4652 
37 HHCA 


< 


REPLACE U726 AND OR TR 5 
SHOOT STUCK DATA BUS ‘DU -07 


NECT WO CASLE 13702) 


CAPACITORS C728 AND 


TROUBLESHOOT ¥ IMETE N 
CIRCUITRY 


VERIFY MULTIMETER 
{A1_ AD) OPERATION 


uP N 


CHECK AZ 
POWER SUPPLIES? 


TROUBLESHOOT CLOCK CIRCU! 
TRY 


START 
STOP 

CLOCK 
GROUND 


{B) REMOVE BUS SHORTING NET 
WORK (JUMPERS), 


(C) SWITCH SETTING 


REPLACE ADDRESS SWITCH AND 
OR 726 


REPLACE U 


SWITCH VERIFICATION 


1A} CONFIGURE THE SA AS 


FOLLOWS 


START “LL 
STOP 7 
CLOCK _s— 
GROUND 


(B) REPLACE BUS SHORTING NET- 


WORK (JUMPERS) 


{C) SWITCH SETTING 


i, 10/0R N Y 
TROUBLESHOOT TUAN ON CIRCUIT SIG SET @ on? 


U728, U?IO, U721, UI27 


REPLACE ADDRESS SWITCH AND. 


CR UI25 


REPLACE U729, 


OR W712 


REPLACE U726. 


W715. U765, AND 


REPLACE U725 AND. OR U709 


SWATCH 
SETTING 


REPLA 


REPLACE U724 AND/OR U725, 


REPLACE U729 AND/OR U724, 


REPLACE U/29 ANDJOR TROUBLE 
SHOOT STUCK DATA BUS (00-D7) 


REPLACE U70? AND/OR U7U5 


REPLACE U709 AND OR U713 


REPLACE U725 ANO/OR U722 


REPLACE U703, ADDRESS SWITCH, 
AND/OR TROUBLESHOOT STUCK 
DATA BUS (D0 D7) 


REPLACE U722 AND/OR U709 


“WRITE INTERFACE VERIFICA 


TION 


(A) CONFIGURE THE SA AS FOL 


LOWS 
START “Le 
stop ig 
clock —S— 
GROUND 


(B) SWITCH SETTIB 


REPLACE U701 AND/OR U705 


REPLACE U705 AND/OR U707 


REPLACE U72? AND OR U725 


N 


i 
} 


CONFIGURE THE SA AS FOLLOWS 


START “LL JS 
sToPp on Ss os? 
cLocK _J7~ 4c 
GROUND GND 


REPLACE U713 AND/OR U709 
Y SIG, SET ® OK? N 


REPLACE U21G, U209 UII WAND REPLACE U712 AND/OR U707, U719 
REPLACE U725 AND/OR U?722. REPLACE U7?2 AND/OR U715, Of R701 


Y N N Y 
SIG SET 
DATA PORT VERIFICATION 
N < 
REPLACE U722 AND/OR U709 Y REPLACE U717 AND/OR U715. SELF TEST 
N Y 


U715(15) = 3P84? 


REPLACE U715 AND/OR U/16 OIRECT CONTROL LINE VERIFICA 
TION 


CONFIGURE THE LOGIC TRACER AS 
FOLLOWS 


INTE 


VERIFICA ~ 
START JS 
STOP JS 
CLOCK JIC 
GROUND GND 


NFIGURE THE SA AS FOL 


a 


REPLACE U713 AND OR L707, U710. 


REPLACE U713, U703, U709, AND 
OR R701 


REPLACE U725_-ANO/OR ANY N 
OTHER DEVICE CONNECTED TO 
BAD LINE 


EXAMPLE 1F U725115) 1S BAD, U725 
OR U722 COULD BE BAD 


Y 
N 
Y 
REPLACE U712 AND/OR U722 
Y 


N 


N 


REPLACE U709 AND/OR U/22 REPLACE U709 AND/OR U728 


*D/OR U72E REPLACE 0722 AND/OR U705 


NDIQR U7O7 


Figure 8-11. HP-IB Troubleshooting Flowchart. 
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Figure 8-1). HP-IB Troubleshooting Flowchart (Cont'd). 
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Hachijuni Building 
Ath Floor 
3-4, Tsukuba 
Kumagaya, Saitama 360 
Tel: 0485:24-6563 


KENYA 

ADCOM Ltd., Inc. 

P.O. Box 30070 
Nairobi 

Tel: 331955 

Telex: 22639 

Medical Only 
International Aeradio (EA) Lid 
P.O. Box 19012 

Nairobi Airport 
Nairobi 

Tel 336055 56 

Telex: 22201 2230! 
Cable: INTAERIO Navrodi 


Medical Only 

International Aeradio (EA) Ltd 

P.O. Box $5221 

Mombasa 

KOREA 

Samsung Electronics Co., Ltd. 

22nd Floor Dongbang Bld. 

250, 2-KA, Taepyung-Ro 

Chung-Ku, 

Seoul 

Tel: 777-4886 

Telex: SAMSAN 27364 

MALAYSIA 

Hewlett-Packard Seles 

(Malaysia) Sda. Bhd. 

Suite 2.21/2.22 

Bangunan Angkasa Raya 

Jalan Ampang 

Kuala Lumpur 

Tel: 483680, 485653 

Protel Engineering 

P.O. Box 1917 

Lot 259, Stok Road 

Kuching, Sarawak 

Tel: 53544 

Cable: PROTELENG 

MOZAMBIQUE 

AN. Goncalves, Ltd. 

162, 1° Apt. 14 Av. D. Luis 

Caixa Postel 107 

Maputo 

Tel: 27091, 27114 

Telex: 6-203 NEGON Mo 

Cable: NEGON 

NEW GUINEA 

Hewlett-Packard Australia Pty. Ltd. 

Development Bank Buildin 

Ground Floor 

Ward Strip 

Port Moresby, Papua 

Tel: 258933 

NEW ZEALAND 

Hewlett-Packard (N.Z.) Ltd. 

4-12 Cruickshank Street 

Kilbimnie, Wellington 

P.O. Box 9443 

Courtney Place 

Wellington 

Tel: 877-199 

Cable: HEWPACK Wellington 

Hewlett-Packard (NZ) Lid 

P.O. Box 26-189 

169 Manukau Road 

Epsom, Auckland 

Tel: 687-159 

Cable: HEWPACK Auckland 

Analytical Medical Only 

Northrop Instruments & 
Systems Ltd 

Sturdee House 

85-87 Ghuznee Street 

P.O. Box 2406 

Wellington 

Tel: 850-09! 

Telex: NZ 31291 

Northrup Instruments & 
Systems Lid 

Eden House. 44 Khyber Pass 8d 

P.O Box 9682, Newmarke! 

Auckland ' 

Tel 794-09! 

Northrup Instrements & 
Systems Ltd 

Terrace House. 4 Oxtord Teerace 

PO Box 8388 

Christchurch 

Tel 64-165 


SALES OFFICES ; 


NIGERIA 


Tek 461577 


144 Agege Motor Road, Mesha 
P.O. Box 48! 

Mesha, Lagos 

Cable: THETER Lagos 
PAKISTAN 

Mushko & Company Li 
Oosman Chambers 

Abdullah Haroon Road 
Karachi-3 

Tek 511027, 512927 

Telex: 2834 

Cable: COOPERATOR Karacty 
Mushko & Company, Lid 

10, Bazar Rd 

Sector G-6'4 
Islamabad 

Tel. 28264 

C2ble: FEMUS Rawa'pindt 
PHILIPPINES 

The Online Advanced Systems 
Corporation 


Amorsolo cor. Herrera Str 
Legaspi Village, Makati 
PO. Box 1510 
Metro Manila 
Tel: 85-35-81, 85-34-91, 85-32-21 
Telex: 3274 ONLINE 
RHODESIA 
Field Technical Sales 
45 Kelvin Road North 
PO. Box 3458 
Salisbury 
Tel: 705231 (5 lines) 
Telex: RH 4122 
SINGAPORE 
Hewlett Packard Singapore 
(Pia) Lie 
1150 Depot Read 
P.O. Box 58 
Alexandra Post Office 
Singapore 3 
Tet 270-2355 
Telex HPSG RS 21486 
Cable HEWPACK Singapore 
SOUTH AFRICA 
Hewlett-Packard South Ainca 
(Pry), Ud 
Private Bag Wendywood 
Sandton, Transvaal 2144 
Hewlett Packard Centre 
Daghre Street, Wendywo2d 
Sandton, 2'44 
Teb 802-5111°25 
Telex 84782 
Cable HEWPACK Johannesdur9 
Hewlett-Packard Sout? Ainca 
(Pty), bie 
P.O Box 120 
Howard Place 
Cape Prownce 7450 
Ping Park Centre Forest Dive 
Pinelands, 
Cape Prownee, 7405 
Tet 53-7955 thew 9 
Telex 57 08 


SP) LANKA 
Metrzgcitat Agercet Lt 


Khartoum 
Tet 44048 
Telex 75 
TAIWAN 
Hewlett-Packard Far East Let 
Taiwan Branch 
Bark Tower. Sih Floor 
205 Tun Hau North Road 
Taipei 
Tek (02) 751-0404 (15 ines) 
Cable. HEWPACK TAPE! 
Hewlett-Packard Far East Lic 
Tanwar Breech 
68-2, Chang Cheng 2rd. Road 
Kaohsiung 
Tel: (07) 2423 18-Kachseng 
Analytical Only 
San Kwang Instruments Co. Lid 
20 Yueg Sut Road 
Taipei 
Tel: 36 15446-3 (4 ines) 
Telex 22894 SANKWANG 
Cable: SANKWANG Tape 
TANZANIA 
Medical Only 
International Aeradic (EA), Ltd 
P.O. Box 861 
Dar es Salaam 
Tek: 21251 Ext. 265 
Telex: 41030 
THAILAND 
UNIMESA Co. Lid 
Elcom Research Bute 
2538 Sukumwt Ave 
Bangchak, Bangkok 
Tel: 9932387, 29903 
Cable. UNIMESA Bangkon 
ZAMBIA 
RJ. Tilbury (Zambea) Lid 
P.O. Box 2792 
Lusaka 
Tet 73793 
Cable ARJAYTEE, Lusaua 
OTHER AREAS NOT 
LISTED, 
CONTACT: 
Mewiel! Packard Iterconineté 
3436 Deer Creek Road 
Palo Alto, Cavlorna 34504 
Tet (415) 856-1801 
TWK 990-373-1287 
Cable HEWPACK Paro Alto 
Telex 034-820 034-3499 
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SALES OFFICES 


(cont.) 


CANADA 


ALBERTA 
Hewlett-Packard (Canada) Lid 
118204 - 168th Street 
Edmonton TSM 319 
Tet (409) 452-3570 

TWX 610-831-2431 
Hewlett-Packard (Canada) Ltd 
210, 7220 Fisher St SE 
Calgary T2H 23 

Tel, (403) 253-2713 

TWX: 610-821-6141 
BRITISH COLUMBIA 
Hewletl-Packerd (Canada) Lid 
10691 Shellbridge Way 
Richmond Véx 27 
Tet: (804) 270-2277 

TWX: 610-925-5059 
MANITOBA 
Hewlett-Packard (Canada) Ltd 
380-550 Century St 

St. James, 

Wieeipeg RSH OY! 

Tel: (204) 785-6701 

TWX: 610-671-3531 

NOVA SCOTIA 
Hewlett-Packard (Canada) Ltd 
P.O Box 931 


Dartmouth B33 IL! 
Tel: (902) 489-7620 

TWX: 610-271-4482 
ONTARIO 
Hewlett-Packard (Canada) Ltd 
1020 Morrison Dr. 
Ottawa K2H 6X7 

Tet (613) 820-6483 

TWX: 610-563-1836 
Hewlett-Packard (Canada) Lid 
6377 Goreway Drive 
Mississauga L4Y 1M3 
Tet (416) 678-940 

TWX: 610-492-4246 
Hewlett-Packard (Canada) Ltd 
552 Newbold Street 
London Néé 285 

Tel (519) 686-9161 

TWX: 610-352-1201 
QUEBEC 
Hewletl-Packard (Canada) Ltd 
275 Hymws Blvd 

Pointe Claire HA 167 
Teh (514) 697-4232 

TWX. 610-422-3022 

FOR CANADIAN 
AREAS NOT 
LISTED: 

Contac! Hewletl-Peckard (Canada) 
Lid. in Mississauge. 


CENTRAL, 
SOUTH AMERICA 


ARGENTINA 
Hewlett Packard Argentina SA 
Senta Fe 2035, Martinez 
6140 Buenos Aires 
Tel 792-1238, 160K 
Telex. 122443 AR CIGY 
Cable HEWPACKARG 
Brotron SACL M 

Avda Paseo Colon 221 

9 piso 

‘3% Buenos Aires 
Tel ARAB 1251/8 
UGA WH 4551 

Telex: (34) 17596 B90 AR 
Cabe BIOTRON Argentine 


BRAZIL 

Hewlett-Packard do Brasil 
LeC. Ltda 

Alameda Rio Negro, 750 

Alphaville 

06400 Baruerl SP 

Tel. 429-3222 

Cable. HEWPACK Sio Paulo 

Hewlett-Packard do Brasil 
leC. Lida 

Rua Pedre Chagas, 32 

90000-Pérto Alegre-RS 

Tel: 22-2998, 22-5621 

Cable: HEWPACK Porto Alegre 


Hewiett-Packerd do Brasil 

LeC. Lida 
Ay. Epitacio Pessoa, 4664 
22471-Rlo de Janeiro-RJ 
Tel: 286-0237 
Telex: 021-21905 HPBR-BR 
Cable: HEWPACK Rio de Janeizo 


CHILE 

Jorge Calcagni y Cia. Ltda 
Arturo Burhle 065, 

Casilla 16475 

Coneo 9, Santiago 
Tel. 220222 

Telex: JCALCAGNI 


COLOMBIA 
Instrumentacion 

Henrik A Langebaek & Kier S.A 
Carrera 7 No. 48-75 

Apartado Aéreo 6287 
Bogota, 1DE 

Tel: 269-8877 

Telex: 44400 

Cable: AARIS Bogota 
Instrumentacio 
HA. Leng 
Carrera 63 No. 49-A-31 
Apartado 54093 
Medellin 

Tel 304475 


COSTA RICA 
Cientifica Costarricense S.A 
Avenida 2, Calle § 

Sen Pedro de Montes de Oca 
Apartado 10159 

San José 

Tek 24-38-20, 24-08-19 
Telex: 2367 GALGUA CR 
Cable: GALGUR 
ECUADOR 

CYEDE Cra. Ltda 

P.O. Box 6423 CCI 

Ay. Eloy Allaro 1749 
Quito 

Tel: 450-975, 243-052 
Telex: 2548 CYEDE ED 
Cable: CYEDE-Quito 
Medical Only 

Hospitalar S.A 

Castle 3590 

Robles 625 

Quito 

Tel, 545-250 

Cable: HOSPITALAR-Quito 
EL SALVADOR 
IPESA 

Bulevar de los Heroes 11-48 
Edihicw Saran 1148 

San Salvador 

Tet 252787 


GUATEMALA 

IPESA 

Avenida Reforma 3-48 

Zona 9 

Guatemala City 

Tel: 316627, 314786, 6647 1-5, 
ext.9 

Telex. 4192 Teletro Gu 


MEXICO 

Hewlett-Packard Mexicana 
S.A de CV. 

Ay. Periférico Sur No. 6501 

Tepepan, Xochimilco 

Mexico 23, DF 

Tel: 905-676-4600 

Telex: 017-74-507 


Hewlett-Packard Mexicana, 
SA deCV 

Ave. Constitucion No. 2184 

Monterrey, NL 

Tel: 48-71-32, 48-71-84 

Telex: 038-410 

PANAMA 

Electronico Balboa, S.A 

Aparatado 4929 

Panama 5 

Calle Samvel Lewis 

Edificio “Alfa,” No 2 

Ciudad de Panama 

Tel: 64-2700 

Telex: 3483103 Curundu, 

Canal Zone 

Cable: ELECTRON Panama 


PERU 

Compafia Electro Medica S.A 
Los Flamencos 145 

San Isidro Casilla 1030 

Lima! 

Tel: 41-4325 

Telex. Pub. Booth 25424 SISIDRO 
Cable: ELMED Lima 


SURINAM 

Surtel Radio Holland N.V 
Grote Hofstr. 3-5 

P.O. Box 155 
Paramaribo 

Tel: 72118, 77880 
Cable: Surtel 


TRINIDAD & 
TOBAGO 

CARTEL 

Caribbean Telecoms Ltd. 
P.O. Box 732 

69 Frederick Street 
Port-of-Spain 
Tel: 62-52068 


URUGUAY 

Pablo Ferrando SAC.el. 
Avenida Malia 2877 

Casilla de Correo 370 
Montevideo 

Tel: 40-3102 

Telex: 702 Public Booth 
Para Pablo Ferrando 
Cable: RADIUM Montevideo 
VENEZUELA 
Hewlell-Packard de Venezuela C.A. 
P.O. Box 60933 

Caraces 105 

Los Ruices Norte 

3a Transversal 

Edificio Segre 
Caracas 107 

Tel: 229-4133 (20 lines) 
Telex: 25146 HEWPACK 
Cable: HEWPACK Caracas 


FOR AREAS NOT 
LISTED, 

CONTACT: 
Hewlett-Packard i..tercontinental 
3495 Deer Creek Road 

Palo Alto, California 94304 
Tel (415) 856-1501 

TWX: 910-373-1260 

Cable. HEWPACK Palo Alto 
Telex: 034-8300, 034-8493 


EUROPE, 
NORTH AFRICA, 
MIDDLE EAST 


AUSTRIA 
Hewlett-Packard Ges mbH 
Wehlistrasse 29 

P.O. Box7 

41205 Vienna 

Tel 35-16:21-0 

Cable: HEWPACK Vienna 
Telex. 13582) 135066 


Hewlett-Packard Ges mbH 
Wehlistrasse, 29 

A-1205 Wien 

Tel: 35-16-21 

Telex: 135066 


BAHRAIN 
Medical Only 

Wael Pharmacy 

P.O. Box 648 
Bahrain 

Tel: 54886, 56123 
Telex: 8550 WAEL GJ 
Cable: WAELPHARM 


Al Hamidiya Trading and 
Contracting 

P.O. Box 20074 

Manama 

Tel: 259978, 259958 

Telex: 8895 KALDIA GJ 


BELGIUM 

Hewlett-Packard Benelux S.A./N.V. 
Avenue du Col-Vert, 1, 
(Sroenkraaglaan) 

B-1170 Brussels 

Tel: (02) 660 50 50 

Cable: PALOBEN Brussels 

Telex: 23-494 paloben bru 


CYPRUS 

Kypronics 

19 Gregorios Xenopoulos Street 
P.O. Box 1152 

Nicosia 

Tel: 45628/29 

Cable: Kypronics Pandehis 
Telex: 3018 


CZECHOSLOVAKIA 
Hewlett-Packard 

Obchodni zastupitelstvi v CSSR 
Pisemny styk 

Post. schranka 27 

CS 11801 Praha 011 

CSSR 

Vyvojova a Provozni Zakladna 
Vyzkumaych Ustavu v Bechovicich 
CSSR-25097 Bechovice u 
Prahy 

Tel: 89.93 41 

Telex: 12133 

Institute of Medical Bionics 
Vyskumny Ustav Lekarskej Bioniky 
Jedlova 6 

CS-88346 Bratislava- 
Kramare 

Tel: 44-551 

Telex: 93229 


DENMARK 
Hewlett-Packard A/S 
Datave; 52 

0K-3460 Birkerod 
Tel: (02) 81 66 40 
Cable. HEWPACK AS 
Telex: 37409 hpas dk 


Hewlett-Packard A/S 
Naverve 1 

0K-8600 Silkeborg 
Tel: (06) 82 71 66 

Telex. 37409 hpas dk 
Cable. HEWPACK AS 


EGYPT 

IEA 

International Engineering 
Associates 

24 Hussein Hegazi Street 

Kasr-el-Ain 

Cairo 

Tel: 23 829 

Telex: 93830 

Cable INTENGASSO 


SAMITRO 

Sami Amin Trading Office 
18 Abdel Aziz Gawish 
Abdine-Cairo 
Tel: 24932 

Cable: SAMITRO CAIRO 
FINLAND 


Hewlett-Packard Oy 
Revontulentie, 7 
SF-02100 Espoo 10 
Tel: (90) 455 0211 
Cable: HEWPACKOY 
Telex: 121563 hewpa sf 


FRANCE 

Hewlett-Packard France 

Zone d'activites de Courtaboeul 
Avenue des Tropiques 

Boite Postale 6 

91401 Orsay-Cedex 

Tel: (1) 907 78 25 

TWX: 600048F 


Hewlett-Packard France 
Chemin des Mouilles 
BP. 162 

69130 Ecully 

Tel: (78) 33 81 25 
TWX: 310617F 


Hewlett-Packard France 
20, Chemin de La Cépiere 
31081 Toulouse 
Le Mirail-Cédex 
Tel: (61) 40 11 12 


Hewlett-Packard France 

Le Ligoures 

Place Romée de Villeneuve 

13100 Aix-en-Provence 
Tel: (42) 59 41 02 

TWX: 410770F 


Hewlett-Packard France 

2, Allee de la Bourgonette 
35100 Rennes 

Tel: (99) 51 42 44 

TWX: 7409 12F 
Hewlett-Packard France 

18, rue du Canal de la Marne 
67300 Schiltigheim 
Tel: (88) 83 08 10 

TWX: 69014 1F 


Hewlett-Packerd France 
Immeuble péricentre 

tue van Gogh 

59650 Villeneuve D'Ascq 
Tel: (20) 91 41 25 

TWX: 160124F 


Hewlett-Packard France 
Batiment Ampére 

Rue de la Commune da Paris 

B.P. 300 

93153 Le Blanc Mesnil- 
Cédex 

Tel: (01) 931 83 50 

Telex. 211032F 


Hewlett-Packard France 
Av. du Pdt Kennedy 
33700 Merignac 
Tel: (56) 97 01 81 


Hewlett-Packard France 
Immeuble Lorraine 
Boulevard de France 
91035 Evry-Cédex 
Tel: 077 96 60 

Telex: 692315F 


Hewlett-Packard France 
23 Rue Lothaire 

57000 Metz 

Tel: (87) 65 53 50 


GERMAN FEDERAL 
REPUBLIC 
Hewlett-Packard GmbH 
Vertriebszentrale Frankfurt 
Bemer Strasse 117 

Postfach 560 140 

0-6000 Frankfurt 5 
Tel: (06011) 50041 

Cable: HEWPACKSA Frankfurt 
Telex: 04 13249 hptim d 


Hewlett-Packard GrbH 
Technisches Biro Bablingen 
Herrenberger Strasse 110 
D-7030 Béblingen, 
Wiintemberg 

Tel: (07031) 667-1 

Cable: HEWPACK Boblingen 
Telex: 07265739 bba 
Hewlett-Packard GmbH 
Technisches Biro Disseldod 
Emanuel-Leutze-Str. 1 (Seesterr) 
D-4000 DUsseldorf 
Tel: (0211) 5971-1 

Telex: 085/86 533 hpdd d 
Hewlett-Packard GntH 
Technisches Biro Hamburg 
Kapstadtring § 

0-2000 Hamburg 60 
Tel: (040) 63804-1 

Cable: HEWPACKSA Hamburg 
Telex: 2163 032 hphh d 
Hewlett-Packard GmbH 
Technisches Biro Hannover 
Am Grossmarkt 6 

D-3000 Hannover 91 
Tel: (0511) 46 6001 
Telex: 092 3259 
Hewlett-Packard GmbH 
Technisches Biro Nurnberg 
Neumeyerstrasse 90 
0-8500 NUrnberg 
Tel: (0911) 52 20 83 
Telex: 0623 860 
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EUROPE, 
NORTH AFRICA, 
MIDDLE EAST 


Hewlett-Packard GmbH 
Technisches Biro Miinchen 
Eschenstrasse 5 

0-8021 Taufkirchen 
Tel: (089) 6117-1 

Telex: 0524985 
Hewlett-Packard GmbH 
Technisches Buro Berlin 
Kaithstrasse 2-4 

0-1000 Berlin 30 

Tel: (030) 24 90 86 

Telex: 018 3405 hpbin d 


GREECE 
Kostas Karayannis 
8 Omirou Street 
Athens 133 
Tel: 32 30 303/32/37 731 
Telex: 2159 62 RKAR GR 
Cable: RAKAR ATHENS 
ICELAND 
Medical Only 
Elding Trading Company Inc 
Hafnamvoli - Tryggvagélu 
P.O. Box 895 
\S-Reykjavik 
Tel: 158 20/163 03 
Cable: ELDING Reykjavik 
IRELAND 
Hewlett-Packard Ltd. 
King Street Lane 
bi Winnersh, Wokingham 
Berkshire, RG11 5AR 
vcr GB-England 
Tel: (0734) 78 47 74 
Telex: 847178 
Cable: Hewpie London 
Hewlett-Packard Lid 
Kestrel House 
Clanwilliam Place 
Lower Mount Street 
Dublin 2, Eire 


Hewlett-Packard Ltd. 
2C Avongberg Ind. Est 
Long Mile Road 
Dublin 12 
Tel: §14322/514224 
Telex: 30439 
Medical Only 
Cardiac Services (Ireland) Lid. 
Kilmore Road 
Artane 
Dublin 5, Eire 
Tel: (01) 315820 
Medical Only 
Cardiac Services Co, 
95A Finaghy Rd. South 
Belfast BT10 ay 
GB-Northem Ireland 
Tel: (0232) 625566 
Telex: 747626 
! SRAEL 
ectronics Engineering Di 
Of Motorola Israel ti , 
18, Kremenetski Street 
P.O. Box 25016 
Tel-Aviy 
ie 38973 
Plex: 33569, 44 
Cable: BASTEL Ted 


‘® 


ITALY 
Hewlett-Packard Italiana S.p.A. 
Via G. Di Vittorio, 9 
20063 Cernusco Sul 
Naviglio (Mi) 
Tel: (2) 903691 
Telex: 334632 HEWPACKIT 
Hewlett-Packard Italiana S.p.A. 
Via Turazza, 14 
35100 Padova 
Tel: (49) 664888 
Telex: 430315 HEWPACKI 
Hewlett-Packard Italiana S.p.A. 
Via G. Armellini 10 
100143 Roma 
Tel: (06) 54 69 61 
Telex: 610514 
Cable: HEWPACKIT Roma 
Hewlett-Packard Italiana S.p.A. 
Corso Giovanni Lanza 94 
110133 Torino 
Tel: (011) 659308 
Telex: 221079 
Hewlett-Packard Italiana S.p.A. 
Via Principe Nicola 43 G/C 
1-95126 Catania 
Tel: (095) 37 05 04 
Telex: 970291 
Hewlett-Packard Italiana S p.A. 
Via Nuova san Rocco A 
Capadimonte, 62A 
60131 Napoli 
Tel: (081) 710698 
Hewlett-Packard Haliana S.p.A. 
Via Martin Luther King, 38/111 
1-40132 Bologna 
Tel: (051) 402394 
Telex: 511630 
JORDAN 
Movasher Cousins Co. 
P.O. Box 1387 
Amman 
Tel: 24907 / 39907 
Telex: SABCO JO 1456 
Cable: MOUASHERCO 
KUWAIT 
Al-Khaldiya Trading & Contracting 
P.O. Box 830-Salat 
Kuwait 
Tel: 42 4910/41 1726 
Telex: 2481 Areeg kt 
Cable: VISCOUNT 
LUXEMBURG 
Hewlett-Packard Beneluz S.A./N.V 
Avenue du Col-Vert, 1 
(Groenkraaglaan) 
B-1170 Brussels 
Tel: (02) 660 5050 
Cable: PALOBEN Brussels 
Telex: 23 494 


MOROCCO 
Dolbeau 

81 rue Karatchi 
Casablanca 
Tel: 3041 82 

Telex: 23051/22622 
Cable: MATERIO 
Gerep 

2, rue d’Agadir 
Boite Postal 156 
Casablanca 
Tel: 272093/5 
Telex: 23 739 
Cabla: GEREP-CASA 


NETHERLANDS 
Hewlett-Packard Benelux NV. 
Van Heuven Goedhanlizan 121 
P.O. Box 667 
1181KK Amstelveen 
Tel: (20) 47 20 21 
Cable: PALOBEN Amsterdam 
Telex: 13 216 
NORWAY 
Hewlett-Packard Norge A/S 
Ostendalen 18 
P.O. Box 34 
1345 Osteraas 
Tel: (02) 1711 60 
Telex: 16621 hpnas n 
Hewlett-Packard Norge A/S 
Nygaardsgaten 114 
P.O. Box 4210 
5013 Nygaardsgaten, 
Bergen 
Tel: (05) 21 97 33 
POLAND 
Biuro lnformacyi Techniczney 
Hewlett-Packard 
UI Stawki 2, 6P 
PLOO-S50 Warszawa 
Tel: 39 59 62, 39 51 87 
Telex: 81 24 53 
PORTUGAL 
Telectra-Empresa Técnica de 
Equipamentos Eléctricos $ ar 
Rua Rodrigo da Fonseca 103 
P.O. Box 2531 
P-Lisbon 1 
Tel: (19) 68 60 72 
Cable TELECTRA Lisboa 
Telex: 12598 
Medical Only 
Mundinter 
Intercambio Mundial de Comércio 
Sarl. 
P.O. Box 2761 
Avenida Antonio Augusto 
de Aguiar 138 
P-Lisbon 
Tel: (19) 53.21 31/7 
Telex: 16691 munter p 
Cable: INTERCAMBIO Lisbon 
QATAR 
Nasser Trading & Contracting 
P.O. Box 1563 
Doha 
Tel: 22170 
Telex: 4439 NASSER 
Cable: NASSER 


ROMANIA 
Hewlett-Packard Reprezentanta 
Bd.n. Balcescu 16 
Bucuresti 

Tel: 15 60 23/13 88 85 

Telex: 10440 


SAUDI! ARABIA 

Modem Electronic 

Establishment (Head Oifice) 

P.O Box 1228, Baghdadiah Street 
Jeddah 

Tel: 27 798 

Telex: 40035 

Cable: ELECTA JEDDAH 


Modem Electronic Establishment 


(Branch) 

P.O. Box 2728 
Riyadh 

Tel: 62596 /66232 
Telex: 202049 
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Modem Electronic Establishment Medical only 
(Branch) Sawah Co 
P.O. Box 193 Place Azmé 
Al-Khobar BP 2308 

Tel: 44678-44813 Damascus 


Tel: 16 367-19 697-14 263 
Telex. 11904 SATACO SY 
Cable SAWAH, DAMASCUS 


Telex 670136 
Cable: ELECTA AL-KHOSAR 


SPAIN 
Hewlett-Packard Espafiola, SA Suleenan Hilal El Mlawi 
Calle Jerez 9 P.O Box 2528 


E-Madrid 16 Mamoun Bitar Street, 56-58 


Tel: (1) 458 26 00 (10 lines) Damascus 

Telex: 23515 hpe Tel. 11 46 63 
Hewlett-Packard Espatola SA ‘Telex. 11270 

Colonia Mirasierra ; Cable. HILAL DAMASCUS 
Edificio Juban TUNISIA 

cio Costa Brava, 13 Tunisie Electronique 
Madrid 34 31 Avenue de la Liberte 
Hewiett Packard Espatolz,SA ‘Tunis 

Milanesado 21-23 Tel 260 144 
E-Barcelona 17 Corema 
Tel: (3) 203 6200 (5 Ines) 1 fer. Av, de Carthage 
Telex: 52603 hpbe e Tunis 


Hewlett-Packard Espatola, SA. ‘Tel 25321 

Av Raméa y Cajal, 1 Telex: 12319 CABAM TN 
Edificio Sevilla, planta 9° TURKEY 
E-Sevilla 5 TEKNIM Company Ltd. 
Tel: 64 44 54/58 Riza Sah Peblevi 
Hewlett-Packard Espafola SA Caddest No.7 


Edificio Albia 7° B Kavakidere, Ankara 
E-Bilbao 1 Tel: 275800 
Telex 42155 


Tel: 23 83 06/23 82 06 
Hewlelt-Packard Espato'a SA 
C/Ramon Gordillo 1 

(Entio.) 


Teknim Com., Lid 
Barbaros Bulvan 55: 12 
Besikyas, Istanbul 


E-Valencia 10 Tet 613 546 
Tel: 96-351.13.54 361.13 58 Telex 23540 
EMA. 


SWEDEN 
Hewlett-Packard Sverige AB 
Enighetsvagen 3, Fack 
$-161 Bromma 20 


Muhendishk Kollekt Sirkett 
Mediha Eldem Sokak 41/6 
Yiksel Caddest 


Tel. (08) 730.05 50 Ankara 
Telex: 10721 Tel: 17 56 22 

Cable: MEASUREMENTS Cable: EMATRADE Ankara 
Stockholm Yilmaz Ozyurek 
Hewlett-Packard Svenge AB Mi Medalaa Cad 16 6 
Frotailsgatan 30 Kizilay 

$-421 32 Vastra Ankara y 
Frélunda Tel: 25.03 09 - 17 80 26 


Telex. 42576 OZEK TR 
Cable: OZYUREX ANKARA 


UNITED ARAB 


Tel: (031) 49 09 50 
Telex: 10721 via Bromma office 


SWITZERLAND 


Hewlett-Packard (Schweiz) AG EMIRATES _ 
Zircherstrasse 20 Emitae Ltd. (Head Otfice) 
P.O. Box 307 P.O Box 1641 
Ch-8952 Schlleren- Sharjah 
Zurich Tet 354121 3 
Tel. (01) 7305240 Telex. 8136 
Telex: 53933 hp2g ch Emitac Ltd. (Breach Office) 
Cable: HPAG CH P.O Box 2711 
Hewlett-Packard (Schweiz) AG «=: Abu Dhabi 
Chitezu Bloc 19 Tel. 331370 1 
CH-1219 Le Lignon- UNITED KINGDOM 
Geneva Hewlett-Packard Ltd 
Tel: (022) 96 03 22 King Street Lane at 
Telex: 27333 hpag ch Winnersh, Wokingham 
Cable: HEWPACKAG Geneva Berkshie RG11 SAR 
SYRIA GB-Eng'and 


Tet (0734) 784774 
Telex 847178 9 
Hew'ett-Packard Lid 
Founer Howse, 
257-263 High Street 
Londoa Colney 

St. Albans, Hers 
GB-England 

Tek: (0727) 24400 


Telex: 1-8952716 


General Electronic Inc 

Nuri Basha-Ahnaf Eba Kays Street 
P.O. Box 5761 

Damascus 

Tel: 33 24 87 

Telex. 11215 ITIKAL 

Cable: ELECTROBOR DAMASCUS 


(cont.) O 


Hewlett-Packard Lid 
Trafaigar Howse 
Nangaton Road 
Altrincham 
Chestwe WAT4 1NU 
GB-England 
Tek (061) 928 6422 
Telex 668068 
Hew'ett-Packard Lid. 
Lygon Court 
Hereward Rise 
Dudley Road 
Halesowen, 
Wes! Midlands, B62 6S0 
GB-Engiand 
Tet (021) 801 1221 
Telex. 329105 
Hewlett-Packard Lid 
Wedge House 
794, London Rosd 
Thornton Heath 
Surrey, CR4 6XL 
GB-England 
Tel: (01) 624-0103 8 
Telex: 946825 
Hewlett-Packard Lid 
14 Wes'ey St 
Castleford 
Yorks WF10 1AE 
Tet: (0977) 850018 
TWX. 8557395 
Hewlelt-Packard Ltd 
Tradax House 
St. Mary's Wa'k 
Maidenhead 
Berkshire, SL6 1ST 
GB-England 
Hewlett-Packard Ltd 
Morley Road 
Staplehili 
Bristol, BS15 40T 
GB-England 
Hewlett-Packard Lie 
South Queensferry 
West Lothian, EH30 976 
GB-Scotland 
Tel: (031) 331 1188 
Telex. 72682 
Hewlett-Packard Ltd 
Kestrel Howse 
Clanwilliam Place 
Lower Mouat Street 
Dublin 2 Eve 
Hewlett-Packard Ltd. 
2C Avonberg ied. Est 
Long Mle Road 
Dublin 12 
Tet 514322 514224 
Telex: 30493 
USSR 
Hewlett-Packard 
Represertatve Office 
USSR 
Pokrowsky Boulevard 4 17-4w 12 
Moscow ‘0'X0 
Tet 234.2024 
Telex: 7325 hewpak su 
YUGOSLAVIA 
iskra Commerce, 2. 901.0. 
Zastopstva Hewiett-Packard 
Odvicey Verac 28 
YU 1100 Beograd 
Tet 836-355 
Telex: 11530 
stra Commerce, n.80L0 
Zastopstvo Hewlett-Packars 
Vikiosiceva 38 Vi 
YU4'00 Ljubljana 
Tet 321-674, 315-875 


Tele 21583 


979 


oO 
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SALES OFFICES 


(cont.) 


EUROPE, 
NORTH AFRICA, 
MIDDLE EAST 


SOCIALIST 
COUNTRIES NOT 
SHOWN, PLEASE 
CONTACT: 
Hewlett-Packard Ges mbH 
Hande!skai 52 

PO Box7 

A-1205 Vienna, Ausina 
Tet (0222) 35 16 21 to 27 
Cable: HEWPAK Vienna 
Telex. 75923 hewpak a 


MEDITERRANEAN 
AND MIDDLE EAST 
COUNTRIES NOT 
SHOWN, PLEASE 
CONTACT: 
Hewlett-Packard $A 
Mediterranean and Middle East 
Operations 

35, Kolokotroni Street 

Plata Kelallariou 
GAKilissia-Athens, Greece 
Tel: 6080359429 

Telex 21-6583 

Cable: HEWPACKSA Athens 


FOR OTHER AREAS 
NOT LISTED, 
CONTACT: 

Hewlell- Packard S.A 

7, we du Bows-du-Lan 

P.O. Box 

CH-1217 Meyrin 2- Geneva 
Switzerland 

Tet (022) 82 70.00 

Ceble HEWPACKSA Geneva 
Telex: 2 24 66 


UNITED STATES 


ALABAMA 
P.O Box 4207 

290 Whitesburg Dr 
Huntsville 35802 
Tel. (205) 681-4592 
333 E Roebuck Bivd 
Birmingham 35206 
Tel (205) 636-2203 2 
ARIZONA 
23% E. Magnolia St 
Phoenix 85034 
Te! (602) 244-1961 
2424 East Aragon Rd 
Tucson 6576 
Tel. (602) 829-4651 
“ARKANSAS 
Medical Service Only 
P.O. Box $646 
Brady Station 
Little Rock 72215 
Tet: (501) G76-1244 
CALIFORNIA 
1579 W Shaw Ave 
Fresno 93771 
Tet (209) 224-0542 
145) East Orangethorpe Ave 
Fullerton 92631 
Tel (714) 479-10 
9939 Lankershim Boulevard 
North Hollywood 215% 
Tet (213) 877-1282 
TWH 310-499-2671 


5400 West Rosecrans Bhd. 
PO Box 92105 

World Way Postal Center 
Los Angeles 90009 
Tel. (213) 776-7500 

TWX: 910-325-6608 
“Los Angeles 

Tel. (213) 776-7500 

3200 Hillwew Av 

Palo Alto, CA 94304 
Tel: (408) 988-7000 

3003 Scott Boulevard 
Santa Clara 95050 
Tel: (408) 988-7000 

TWX: 910-338-0518 
"Ridgecrest 

Tel: (714) 446-6165 

646 W. North Market Bivd 
Sacramento 95834 
Tel: (916) 929-7222 


$606 Aero Drive 

P.O. Box 23333 

San Diego 92123 
Tel: (714) 279-3200 
“Tarzana 

Tel. (213) 705-3344 
COLORADO 

5600 DTC Parkway 
Englewood 80110 
Tel. (303) 771-3455 
CONNECTICUT 
47 Bames Industrial Road 
Barnes Park South 
Wallingford 06492 
Tel: (203) 265-7801 


FLORIDA 

P.O. Box 24210 

2727 NW. 62nd Street 

Ft. Lauderdale 33309 
Tel: (305) 973-2600 

4080 Woodcock Drive #132 
Brownett Building 
Jacksonville 32207 
Tel (904) 398-0663 

P.O. Box 13910 

6177 Lake Elienor Dr 
Orlando 32809 

Tel. (305) 859-2900 

P.O, Box 12826 

Suite 5, Bldg. 1 

Office Park North 
Pensacola 32575 
Tel. (904) 476-8422 
Computer Systems Only 

110 South Hoover Bivd 
Suite 120 

Tampa 33609 

Te! (813) 872-0900 
GEORGIA 

P.O Box 105005 

450 Interstate North Parkway 
Atlanta 20343 

Tet (404) 955-1500 

TWX. 810-766-480) 
Medical Service Only 
“Augusta 0X3 

Tel, (404) 736-0592 

P.O. Box 2103 

1172 N Daws Dove 
Warner Robins 31993 
Tel. (312) 922-0449 
HAWAII 

2875 So. King Street 
Honolulu #426 

Tel (808) 995-4455 


ILLINOIS 

5201 Tollview Or 
Rolling Meadows 
60008 

Tel: (312) 255-9800 

TWX: 910-687-2260 
INDIANA 

7301 North Shadeland Ave 
Indianapolis 46250 
Tel: (317) 842-1000 

TWX: 810-260-1797 
1OWA 

2415 Heinz Road 

lowa City 52240 

Tel: (319) 351-1020 
KENTUCKY 

10170 Linn Station Road 
Suite 525 

Louisville 40223 

Tel. (502) 426-0100 
LOUISIANA 

P.O Box 1449 

3229-39 Williams Boulevard 
Kenner 70063 

Tel: (504) 443-6201 
MARYLAND 

7121 Standard Drive 
Parkway Industrial Center 
Hanover 21076 

Tel (301) 796-7700 

TWX: 710-862-1943 

2 Choke Cherry Road 
Rockville 20850 

Tel (301) 948-6370 

TWX: 710-828-9684 
MASSACHUSETTS 
32 Hartwell Ave 
Lexington 02173 
Tel: (617) 861-8960 

TWX: 710-326-6904 


MICHIGAN 
23855 Research Drive 


Farmington Hills 48024 


Tel: (313) 476-6400 

724 West Centre Ave 
Kalamazoo 49002 
Tel: (616) 323-8362 


MINNESOTA 


2400 N Prior Ave. 
St. Paul 55113 
Tel (612) 636-0700 
MISSISSIPPI 
322 N Mant Plaza 
Jackson 39206 
Tel: (601) 982-9363 
MISSOURI 
11131 Colorado Ave. 
Kansas City 64137 
Tel. (816) 763-8000 
TWX. 910-771-2087 
1024 Executive Parkway 
St. Louis 63141 
Tel: (314) 878-0200 
NEBRASKA 
Medical Only 

7101 Mercy Road 
Sule 101 

Omaha 63106 
Tel (402) 392-0948 
NEVADA 

‘Las Vegas 
Tel (702) 736-6610 
NEW JERSEY 
W. 320 Century Rd 
Paramus 07652 
Tel (201) 265-5000 
TWX 710-990-4951 


Crystal Brook Professional Building 


Route 35 
Eatontown 07724 
Tel: (201) 542-1384 
NEW MEXICO 
P.O. Box 11634 
Station E 

11300 Lomas Blvd, NE 
Albuquerque 87123 
Tel: (505) 292-1330 
TWX. 910-989-1185 

156 Wyatt Drive 

Las Cruces 8800! 
Tel: (505) 526:2484 
TWX: 910-9983-0550 
NEW YORK 

6 Automation Lane 
Computer Park 
Albany 12205 

Tel. (518) 458-1550 
TWX: 710-444-4961 

650 Perinton Hill Office Park 
Fairport 14450 

Tel. (716) 223-9950 
TWX: 510-253-0092 

No. 1 Pennsylvania Plaza 
55th Floor 

34th Street & 8th Avenue 
New York 10001 
Tel: (212) 971-0800 
5858 East Molloy Road 
Syracuse 13211 
Tel: (315) 455-2486 

1 Crossways Park West 
Woodbury 11797 
Tel (516) 921-0300 
TWX. 510-221-2183 

Tel: (513) 671-7400 
NORTH CAROLINA 
5605 Roanne Way 
Greensboro 27405 
Tel: (919) 852-1800 
OHIO 

Medical/ Computer Only 
Bidg. 300 

1313 E. Kemper Rd 
Cincinnati 45426 
16500 Sprague Road 
Cleveland 44130 
Tel: (216) 243-7300 
TWX: 810-423-9430 

330 Progress Rd. 
Dayton 45449 

Tel. (513) 859-8202 

1041 Kingsmull Parkway 
Columbus 43229 
Tel (614) 436-1041 
OKLAHOMA 

P.O. Box 32008 

6301 N. Meridan Avenue 


Oklahoma City 73112 


Tel: (405) 721-0200 
9920 E 42nd Street 
Suite 121 

Tulsa 74145 
Tel: (918) 665-3300 
OREGON 


17890 SW Lower Boones Ferry 


Road 

Tualatin 97062 

Tel: (503) 620-3350 
PENNSYLVANIA 
111 Zeta Drive 
Pittsburgh 15238 
Tel: (412) 782-0400 


1021 8th Avenue 

King of Prussia Industrial Park 
King of Prussia 19406 
Tel: (215) 265-7000 

TWX: 510-660-2670 
PUERTO RICO 
Hewlett-Packard Inter-Americas 
Puerto Rico Branch Office 
Calle 272, 

Edif. 203 Urg Country Club 
Carolina 00924 

Tel. (809) 762-7255 

Telex: 345 0514 

SOUTH CAROLINA 
PO Box 6442 

6941-0 N. Trenholm Road 
Columbia 29260 

Tel. (803) 782-6493 
TENNESSEE 

8914 Kingston Pike 
Knoxville 37922 

Tel: (615) 523-0522 

3027 Vanguard Dr 

Director's Plaza 
Memphis 38131 

Tel: (901) 346-8370 
“Nashville 

Medical Service Only 

Tel: (615) 244-5448 
TEXAS 

4171 North Mesa 

Suite C110 

El Paso 79902 

Tel: (915) 533-3555 


P.O Box 1270 

201 €. Arapaho Rd 
Richardson 75080 
Tel: (214) 231-6101 


P.O. Box 42816 
10535 Harwin Dr. 
Houston 77036 
Tel: (713) 776-6400 
“Lubbock 
Medical Service Only 
Tel: (806) 799-4472 


205 Billy Mitchell Road 

San Antonio 78226 
Tel: (512) 434-8241 

UTAH 

2160 South 3270 West Street 
Salt Lake City 84119 
Tel: (801) 972-4711 
VIRGINIA 


P.O. Box 9669 

2914 Hungry Springs Road 
Richmond 23228 

Tel: (804) 285-3431 

Computer Systems/Medical Only 
Airport Executive Center 

Suite 111 

5700 Thurston Avenue 
Virginia Beach 23455 
Tel: (@04) 460-2471 
WASHINGTON 
Bellefield Office Pk. 

1203 - 114th Ave. S.E. 
Bellevue 98004 

Tel: (206) 454-3971 

TWX: 910-443-2446 

P.O. Box 4010 

Spokane $9202 

Tel. (509) 535-0864 


“WEST VIRGINIA 
Medical/ Analytical Only 
4604 Mac Corkle Ave., S.E. 
Charleston 25304 
Tel: (304) 925-0492 


WISCONSIN 

150 South Sunny Slope Road 
Brookfield 53005 
Tel: (414) 784-8800 


FOR U.S. AREAS 
NOT LISTED: 
Contact the regional office 
nearest you: 
Atlanta, Georgia 
wood, California. Rockville, 
Maryland. . Rolling Meadows, 


Illinois. Their complete addresses 


are listed above 
“Service Only 


North Holly: 


e 
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~~ 03438-90002 
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